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EXECUTIVE SUMMARY 

This report for Indlvidual Hazardous Substance Sites (IHSSs, or Sites) 200 (Great Western 
e 

Reservon), 201 (Standley Lake), and 202 (Mower Reservolr) was prepared m response to 

requsrements in the Interagency Agreement (IAG) between the U S  Department of Energy 

(DOE), the U S  Envlronmental Protecaon Agency @PA), and the Colorado Department of 

Health ( O H )  The se&ments in these reservolrs contam low levels of plutonium as a result of 

past acaviaes at the Rocky Flats Plant (RFP) The IAG idenMies the followmg p m a r y  

objecnves for this report 

1 Submt all known and accumulated data descnbing, detsuling or defimng 
contammanon within the reservoufs) and mbumes of the reservor(s) mcludmg 
surface and ground water sources, and 

2 Submt a health nsk assessment documentmg the nsks denved from all  potenaal 
exposures associated with a no acaon dternahve for remehaon of the 
contammanon 

After evduahng over 30 documents contsuning data relevant to Sites 200-202, it became emdent 

it would be impracucal to append the e n m  body of exisang data to this document The IAG 

data submssion requmment is addressed by summanzlng pertment data throughout the report, 

by includmg a bibliography h a n g  general references and avadable documentaaon of data for 

Sites 200-202, and by appendmg specific data sources for the three Sites to the report 

0 

The exisang data for Sites 200-202 were collected for the purpose of site charactenzaaon rather 

than to support a ngorous quanatatlve health nsk assessment After evaluatmg the exlstmg data 

agamst EPA guidance for data useabdity in nsk assessments it became apparent that the data do 

not meet current quality control standards necessary to support a quanataave nsk assessment 

As a result, this report includes a qualitaave human health nsk assessment for Sites 200-202 

In addmon, a "genenc" nsk assessment calculahon is included whch shows the steps and many 

assumpaons underlying a quanntaave nsk assessment, and which generates nsk values based on 

hypotheacal plutonium concentratlons in resewon- se&ments and water under vanous exposure 

scenanos This calculauon is useful in helping to detemne whether known contarmnatlon at the 

three reservom poses an immment health nsk to the public The following dwussions pmmde 
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a bnef summary of the informauon provided in this report m support of the objecuves listed 

0 above 

Sites 200 (Great Western Reservon), 201 (Standley Lake), and 202 (Mower Reservon) compnse 

three of the four Sites within Operable Unit No 3 (OU 3) OU 3 Qffers from other RFP OUs 
in that it is located outside the RFP boundary The three reservom are located outside the 

eastern boundary of the RFP Great Western Reservolr serves as the mumcipal water supply for 
the City of Broomfield, while Standley Lake supplies water to the cihes of Thomton, Northglenn 

and Wesmnster Mower Reservolr is a much smaller, pnvately-owned unpoundment used for 

agrrcultural purposes (1 e ,  cattle watenng and ungauon) 

Past envlronmental invesugauons of Sites 200-202 have shown that plutonmm concentratlons in 

the bottom seQments of all three reservom exceed esumated background (nuclear tesung fallout) 

concentrahons The elevated plutonium concentrahons are attnbuted to histoncal cwrbornt 

(fUgitlVe dust) and waterborne releases from the RFP These releases resulted pnmanly from 

RFP operatlons in the 1950s, 196Os, and 1970s Pollutlon control measures nnplemented at the 
RFP since this tlme have effecuvely elimnated the sources of the plutonium In addmon, surface 
water control measures now allow the RFI? to prevent runoff and effluent from the man RFP 
producuon fachty from reaching the reservom 

The informatlon presented 111 this report points to the followmg conclusions about Sites 200-202 

Plutonium and amencium (a decay product of plutonium) are the only known 
contamnants in the reservom atmbutable to RFP releases Thls conclusion is based 
on extensive water quality monitonng data for Great Western Reservon and Standley 
Lake and analysis of bottom se&ment samples for numerous potentlal RFP-denved 
contarmnants, includmg vanous radonuchdes and berylhum 

Plutomum-beanng honzons of bottom sedunents m Great Western Reservov and 
Standley Lake have been covered by subsequent sdmentatlon The hghest 
sedment plutonium concentrations were found to east  in the deepest areas of each 
reservov The concentratlons of plutonium m the sedments in areas of hghest 
exposure potenaal(1 e , near-shore areas) of Great Westem Reservo= and Standley 
Lake are above background levels, as measured by several past stuhes m sedunents 
of Colorado Front Range reservous believed to be unaffected by RFP releases 
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Maximum plutonium concentranons measured to date m Great Western Reservolr 
sedunents are several nmes higher than those measured to date m Standley Lake 
sdments 

Only four sedment samples have been collected (all in 1970) to assess plutonium 
concentrahons m Mower Reservolr sedments The highest plutonium concentrahons 
measured were roughly twice the esamated background concentranon due to 
atmosphenc testlng fallout, and were several tunes lower than the highest 
concentrahons measured to date in Standley Lake 

Plutonium is strongly adsorbed to the clay-nch sedments typical m unpoundments 
near the RFP Studes have shown that plutomum in the reservoxr sdment  columns 
is effectively immobbed 

Routme water quahty monitonng mdcates that water quahty m Standley Lake and 
Great Western Reservov has not been measurably unpacted by plutonium in the 
reservov sedlments A single water sample collected UI 1970 from Mower Reservov 
showed background plutoxuum concentraoons (background is due to atmosphenc 
testing fallout) 

Residenual tap water denved from Standley Lake and Great Western Reservov is 
routmely analyzed for plutomum Results consistently mdcate that plutonium 
concentrahons are well below CDH dnnlang water standards 

Of the many potennal exposure pathways identified for the reservom, the auborne 
pathway from reentranment of exposed sedments is considered the most significant 
pathway that can convey plutomum to human receptors from Sites 200-202 
h b o r n e  plutomum concentratlons measured by au momtors downwmd of Sites 
200-202 have remiuned well below the 0 02 picocunes per cubic meter (pcdm’), or 
OOOO7 becquerel per cubic meter (Bq/m3) standard set by DOE All potentd 
exposure pathways, however, wdl be addressed under scheduled RCRA Facllity 
Inveshgahon/Remedld Investlgatlon (RFVRI) achwhes at Sites 200-202 

Addmonal data necessary to support a quanotative nsk assessment for Sites 200-202 WIU be 
collected dunng scheduled RFVRI achmtles This report wll serve as the basis for the RFURI 
scoping process Rrsk assessment and site charactenzatlon needs wdl be integrated m the RFVRI 
to ensure that all potenhd site contarmnants and exposure pathways are identified and 

charactenzed to the extent necessary to perform a CpmhtahVe human health nsk assessment 
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LIST OF DEFINITIONS 

Completed Exposure Pathway' The route a chemcal or rahonuchde takes from a source to an 
exposed organism A completed exposure pathway descnbes a unique mechanism by which an 
indwidual or population is exposed to a chemcal or rahonuclide onginaung from the site Each 
completed exposure pathway includes a source, a transport medla, a mode of uptake, and a 
receptor I 

Data Quality Objectives' Qualitatlve and quantitative statements to ensure that data of known 
and documented quahty are obtamed 

Data Validation The quality assurance process of reviewmg sample collectlon methods, sample 
handling and preservation, sample documentation and andyhcal procedures and results to 
evaluate the accuracy and reliability of data Data are then classified as being quantltatlve, 
qualitative, or unusable 

Detecuon Limt' The lowest value that can be reliably detected above the background noise of 
a given analyucal instrument or method 

Health f isk  Assessment The assessment of chemcal or ra&ological releases from a site and 
the analysis of public health threats resulting from those releases 

Quahtauve f isk Assessment 
analyzing both exposure and dose response data in a non-numencal manner 

Quanutative Risk Assessment Based on completed exposure pathways, probabditles that an 
indwidual will develop cancer over a lifetlme of exposure are estlmated from projected mtakes 
and chemcal/radionuchde-specific dose response mformatlon 

An esumate of the ldcellhood of an adverse health effect by 

l 

Risk A unitless probabllity of an indwidual being affected by an event. 

Risk Coefficient 
developing cancer from a chronic dady intake of plutonium averaged over 70 years 

For the purposes of this document, a unitless probability of an znchvldual 

0 Definiuons from the EPA f isk  Assessment Guidance for Superfund @PA, 1989) 
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1.0 INTRODUCTION 

This document summanzes avalable histoncal informatlon I and presents a prelimnary human 
health nsk assessment for Indwidual Hazardous Substance Sites (MSSs, or Sites) 200 (Great 

Western Reservor), 201 (Standley Lake), and 202 (Mower Reservor) of RFP OU 3 (Off-Site 

Releases) OU 3 is unique among Rocky Flats operable units in that it is located outside the RFP 
boundanes These reservom have been the subject of numerous envlronmental stuches and 

monitomg programs sumed at detemning the extent to which each has been impacted by 

releases from the RFP The RFP is owned by the DOE and contractor-operated by EG&G Rocky 

Flats, Inc as a nuclear weapons research, development and producoon complex The RFP is 

situated on 6,550 acres (2,650 hectares) of federal property 16 rmles (m) (26 lalometers[km]) 

northwest of downtown Denver, Colorado (Figure 1-1) 

In addmon to the three reservom, OU 3 also includes site 199 (Contarmnauon of the Land’s 

Surface) site 199 is the subject of a Past Remedy Report which was submtted to EPA and CDH 
on Apnl2, 1991 (DOE, 1991a) 

1 1 PURPOSE AND OBJECTIVES 
The purpose and objectwes of this report are denved p m l y  from the IAG between the CDH, 
the EPA, and the DOE (EPA, 1991) The following repomng requmments are set forth in 

Table 5 of the IAG Statement of Work for each of the three reservom 

1 Subrmt all known and accumulated data descnbing, detaihng or defining contammatlon 
within the reservolr and tnbutanes of the reservorr includmg surface and groundwater 
sources 

2 Submt a health nsk assessment documentmg the nsks denved from all potenbal 
exposures associated with a no action alternahve for remdahon of the contammaoon 

After evaluating over 30 documents contaming data relevant to Sites 200-202, it became evident 

that it would be impracacal to append the entre body of exlshng data to this document The 

IAG data subrmssion requlrement is therefore 

throughout the report, by includmg a bibliography 

addressed by summanzmg pemnent data 

hsong avadable documentaQon of data for 
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Sites 200-202 (Section 6 O), and by providmg selected data source documents for the three 

reservous in Appendlx D 

Section VIID of the IAG Statement of Work demls the components of the health nsk 

assessments required for the reservoirs These components are the basis of a ngorous, 

quantitative assessment of the human health nsks associated with contarmnaaon at the site, and 

it is the intent of the IAG that they be applied to Sites 200-202 to assess public health nsk under 

a no achon remelation alternative Cnacal to the performance of such a health nsk assessment 

are the quality and specificity of the data used to support the assessment The EPA's "Guidance 

for Data Useability in Risk Assessment" document @PA, 199Oa) establishes guidelines for the 

mnimum level of data quality control requlred to perform a defensible, quanatauve nsk 

assessment Vmally all of the avmlable data for Sites 200-202 have been collected for the 

purpose of site charactenzahon rather than nsk assessment While these data are well suited for 

site charactenzaaon, a detmled evaluauon against EPA useability cntena (Appendut A) mhcates 

that existmg data from Sites 200-202 do not meet current quality control standards to support a 

quanataave nsk assessment This report therefore provldes a aualitaave nsk assessment m whch 

human health nsk is defined in relahve terms rather than calculated nsk values Also included 

is a "genenc" nsk assessment calculaaon (Appendur C) which shows the steps and the many 

assumptlons underlying a quantltatlve nsk assessment, and which generates nsk values based 

upon hypothehcal plutonium concentrahons in sedlment and water under vmous exposure 

scenanos This calculation is useful in helping to detemne whether known contarmnatlon at 

Sites 200-202 poses an imrmnent health nsk to the pubhc Addmonal data needed to support a 

quantitative nsk assessment for Sites 200-202 are idenMied m Secaon 4 10, these data wll be 

collected under scheduled RFI/RI activities at OU 3 

0 

The following specific objecaves for this report are based upon the IAG reportmg requmments 

for the reservous and the precedmg dlscussion on data useabllity 

Descnbe reservou site physical and chermcal charactensacs 

Provide a synopsis of envuonmental studes conducted to date at the reservous 

Formulate a conceptual model for contmnant fate and transport from the reservous e 
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Cite evidence to support or mvalidate the conceptual model for each reservolr 

Provide a preliminary health nsk assessment for the reservolrs, focusing on a no-acuon 
alternanve 

Idennfy addmonal data needed to support a quanntative nsk assessment for each 
reservolr 

1 2  REGULATORY BACKGROUND 

The IAG groups MSSs (Sites) at the RFP into 16 Operable Units (OUs), one of whlch is OU 3 

The OU numbenng system reflects the relauve order of pnonty for the OUs OU 3 formerly was 
designated OU 10 The present RFP OU system has emerged from pubhc comment and 

redevelopment of the IAG, which increased the number of OUs from 10 to 16 and changed thew 

relative order of pnonty 

The pnmary source for the scope of work for investigahon and remehahon of RFP OUs is the 

IAG, which specifies an approach tadored to the parhcular requlrements of the RFP As stated 

in paragraph 256 of the IAG, all response acuviues by the DOE under the IAG are to be 

performed " in accordance with the requlrements of all applicable federal and state laws and 0 
I regulanons " These include the applicable requlrements of the Comprehensive Enwonmental 

Response, Compensauon, and Liabllity Act (CERCLA), the Nauonal Conmgency Plan (NCP), 

the Resource Conservauon and Recovery Act (RCRA), the Colorado Hazardous Waste Act 

(CHWA), and pertment EPA guidance documents InvesugaQon of the RFP OUs is scoped in 

the IAG per EPA RCRA and CERCLA guidance, which specify collecuon of data under an 

RFI/RI to support a site charactenzahon, a health nsk assessment, and an envlronmental 

evaluation For Sites 200-202, however, the IAG speclfies the use of existmg data to develop 
a health nsk assessment and does not requm an envmnmental evaluauon This document, 

which summanzes exisang site informauon and assesses human health nsk under current site 

conhtions, is typical or a prelimnary site assessment developed in a work plan to focus site 

invesugation achvities 

Great Western ReservoE is used as part of the municipal water supply for the City of Broomfield, 

while Standley Lake provides water for the cines of Westmmster, Thornton and Northglenn 
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compliance with Federal and state water quality standards applicable to dnnlung water supply 

sources is monitored at these reservous through rouhne samphng and analysis Local 
governments participate in public review of RFP plans and proposals as part of thelr involvement 

in decisions about RFP activities which may impact Great Western Reservov or Standley Lake 

Mower Reservolr is a much smaller, pnvately owned impoundment used for agricultural purposes 

(1 e , cattle and mgaoon) Although not actively monitored, Mower Reservolr water quahty is 

governed by CDH water quality classification and standards for the South Platte River basin 

(CDH, 1990a) 

a 

1 3 REPORT ORGANIZATION 

The remainder of this report is organized into the following Sechons 

Sechon 2 0  provides a hscussion of site charactenshcs and history, and summmzes 
envlronrnental stuhes conducted to date at Sites 200, 201, and 202 

Section 3 0 provides a descnptton of the site conceptual model used rn the prehrmnary 
human health nsk assessment 

Sechon 4 0  provides a prelimnary human health nsk assessment, includmg 
idenhficahon of data needed to conduct a quanutauve human health nsk assessment 

Sechon 5 0 provides conclusions and recommendahons 

Secuon 6 0 provides a bibliography and references 

Appendut A provides an evaluahon of exishng reservov data useabihty for nsk 
assessment agamst EPA cntena 

Appendur B provides general guidelines for development of a health nsk assessment 

Appendur C provides a "genenc" nsk assessment calculauon for Sites 200-202 

Appendut D provides selected data source documents for Sites 200-202 
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2.0 SITE BACKGROUND AND DESCRIPTION 

The RFP fabncates metal components for nuclear weapons from plutonium, uranium, beryllium, 

and strunless steel Support acbvihes include chemcal recovery and punficanon of recyclable 

transuranic radonuchdes, and research and development in metallurgy, machirung, nondestrucnve 

testing, coatings, remote engineenng, chermstry, and physics These operanon generate 

nonhazardous, hazardous, raloactwe, and mxed rahoactwe waste streams (DOE, 1987) The 

385 acre (156 hectare) m a n  producnon facihty of the RFP, wthm the controlled area, is 

surrounded by a 6,150 acre (2,491 hectare) buffer zone which delineates the RFP boundary 

(Figure 1-1) 

The three OU 3 reservous are located outside the eastern boundary of the RFP (Figure 2-1), two 

to four rm (3 2 to 6 4 km), from the man producnon facility The locanons are downgrahent 

and generally downwind of the RFP Each of the reservovs has received some of its mfluent 

water from dramages flowing from the RFF d m g  the operatmg history of the plant A system 

of &version dltches and retention ponds within the RFP now allows the REP to prevent surface 

water from the man produmon facihty from reachmg any of the reservovs (Figures 2-2 and 2-3) 

Great Western Reservou is isolated completely from RFP surface water by a htch which drverts 

flow around the reservolr (Figure 2-3) Plans are proceedmg for construcaon of a simlar 

diversion around Standley Lake Extensive envlronmental momtonng of ground water, surface 

water, ambient m, and soils on and near the RFP is conducted by a number of agencies and 

municipalines (Secnon 2 1 3 3 and 2 2 2 2) Whlle it is possible that the reservolrs could be 

affected by future surborne and/or waterborne emssions from the RFP, it is expected that any 

such emssions would be detected and charactenzed by enwonmental monitonng, and that the 

potenhd impact of the resultmg contarmnauon on the resenom could be readlly assessed The 

contamlnahon of Sites 200-202 descnbed in this report is a result of both rouhne operanonal 

procedures and accidental releases dunng the first several decades of the RFP OperahOn (early 

1950s to late 1970s) Envlronmental monitonng results summanzed in monthly and annual 

reports @ow, 1971-1989, CDH, 1970-date) suggest that envmnmental control measures and 

changes in operating procedures have effecuvely prevented addmonal radIoachve contarmnants 

from impacting the reservom 

, 

0 
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Numerous mvestigators (see Sections 2 1 3 and 2 2 2) have stubed the impacts of RFp 

contarmnants on the sedlments, water, and ecosystems of Great Western Reservou; Standley 

Lake, and thelr tnbutary dramages from the RFP (Walnut Creek and Woman Creek, respecavely) 

Almost all of this work has focused on ra&onuclides, pnmmly plutonium and amemcium, which 

is a decay product of plutonium Although concentrations of nonrachoacnve contarmnants are 

routinely measured in reservolr and dramage water and have been detected in upstream holdmg 

ponds and dramages on the RFP, virtually no data exist for prospecave RFP-denved 

nonra&oactive contamnants in the reservolr sedments Prospecnve rdoacnve and 

nonraboacnve contaminants in the reservolrs will be fully charactenzed under scheduled RFI/RI 

activities at Sites 200-202 

’ 0 

2 1 GREAT WESTERN RESERVOIR (Site 200) 

Site 200 encompasses Great Western Reservoir, off-site reaches of Walnut Creek (whlch formerly 

flowed into the reservolr from the RFP), and downstream surface water features possibly 

impacted by outflow from the reservolr (Figure 2-1) Porhons of Walnut Creek wthm the 

boundanes of the RFP will be invesugated as RFP OU 6 and are not included in Site 200 a 
2 1 1 Location and DescnDtion 

Great Western Reservolr is located approximately 1 5  m (2 4 km) east of the RFP’s eastern 

boundary in Secnons 6 and 7 of Township 2 South, Range 69 West (T2S, R69W) (Figure 2-1) 
The reservolr is owned by the City of Broomfield and is ualized solely for the city’s municipal 

water supply Public access to Great Western Reservolr and the surroundmg area is fenced and 

posted to exclude public access (Broomfield, 1990) 

Re-constructlon informahon for the Great Western Reservorr site is not gwen 111 avadable 

references The onginal reservolr was built in 1904 as a mgatlon water supply The dam has 

been enlarged on several occasions, most recently in 1958 The maximum height of the dam is 

69 feet (ft) (21 meters [m]) (Hydro-Tnad, 1981) The present reservolr volume is 3,250 acre-feet 

(401 hectare-meters) The bottom and sides of the reservou are unhned, m e m g  that the 

reservolr may be hydraulically connected to the ground water system in the area (Mdler, 1990) 

’ 
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2 1 2 Site Condmons 

Although little site-specific informauon is aviulable concerning the geology and ground water 

hydrology of Site 200, plant-wide hydrogeologic stuIes give an indxation of condmons in the 

vicinity of the RFP The following secuons summanze relevant results of these studes and 

0 , 

I 

provide site-specific information where aviulable 

2 1 2  1 Geology and Ground Water Hydrolorry 

The U S Army Corps of Engineers uulized data from two exismg boreholes near Great Western 

Reservolr as part of a 1989 evaluauon for a surface water interceptor system for the reservor 

In these boreholes, alluvium surficial deposits are underlam by Arapahoe Formahon bedrock at 

depths of 5 and 16 ft (1 5 and 4 9 m) Bedrock consists of interbedded sandstone, siltstone and 

claystone and I p s  slightly to the east (Corps of Engineers, 1989) The precise locanons of these 

boreholes are not given in this document The Arapahoe Formanon averages 250 ft (76 m) rn 
thickness in the RFP area, and is underlam by several hundred feet (approximately 100 m) of 

shale cornpnsing the upper portion of the L a r m e  Formanon (USGS, 1976) It is expected that 

a simlar stratigraphic sequence underlies Great Western Reservolr e 
Two hydraulically-connected ground water systems occur at the RFP An unconfined system 

which is present in saturated surficial deposits (the upper hydrostrahgraphic umt) in many areas 

of the RFP, and a confined system in sandstones and claystones of the underlymg Arapahoe 

Formation (the lower hydrostratigraphic unit) (USGS, 1976) The shallow unconfined system is 

recharged by mfiltrauon from mcident precipitauon and from surface and baseflow water (e g , 
driunages and reservous) Ground water flow is generally to the east and towards dramages 

Ground water locally hscharges as seeps or spnngs in hnages ,  especially where the surficial 

deposit/bedrock contact is exposed Large water table fluctuatlons may occur in the shallow 

system in response to seasonal vananons in recharge and hscharge, wth the highest water levels 

generally occurring d u g  the months of May and June and the lowest water levels generally 
occmng in January and February As a result of these fluctuauons the lateral and verhcal extent 

of saturated surficial deposits vanes seasonally Several past stuhes have measured hydrauhc 

conductivity in the upper and lower hydrostratqpaphic uruts using drawdown-recovery tests, 

pump tests, packer testing and slug testing on selected wells (USGS, 1976, Hydro-Search, 1985, 
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Rockwell, 1988a) Recent work has esumated hydraulic conduchvines for RFP geologic units 

at los  cdsec in the Rocky Flats Alluvium, los cdsec in subcropprng Arapahoe Formahon 

sandstones, 10 cdsec in unweathered Arapahoe Formation sandstones, and 10 cdsec in both 
weathered and unweathered Arapahoe Formatlon claystones (EG&G, in press) 

~ a 

Confined ground water in the lower hydrostratigraphic unit occurs pnmarrly in hhcular 

sandstone boles within claystone Ground water flow rn the upper hydrologc unit occurs in the 

unconsolidated Quaternary surficial deposits and the shallow sandstone within the bedrock 

Recharge to this unit occurs from infiltration from streams and precipitahon The lower 

hydrologic unit is found in the deeper bedrock sandstones which exhibit confined condmons 

Recharge to this unit occur pnmanly from baseflow and leakage from the overlylng claystone 

Ground water in the lower hydrologc unit flows east towards a regional hscharge area along the 

South Platte hver, some 20 rn (32 km) east of the RFP Local seeps occur along the sides of 

drainages where the bedrock crops out Calculated honzontal h e a r  flow velocihes for the 

system average 0 1 fdday (0 03 dday)  in the sandstones and approximately 9x104 ft/day 

(2 7x104 dday)  in the claystone A relanvely steep downward gradlent is also observed in areas 

of the formation The effects on ground water movement by faulung in the lower hydrologc unit 

are not known (USGS, 1976, Hydro-Search, 1985) 
0 

Specific hydrogeologic informauon for Great Western Reservolr is hmted to d n h g  records 

from pnvately-owned water wells in the vicinity of the reservou Dnlling and filmg records held 

by the Colorado Division of Water Resources suggest that surficial deposits near the reservow 

range in thickness from 15 to 50 ft (4 6 to 15 m) and average approximately 25 ft (7 6 m) h c k  

These deposits typically are descnbed as clay, sandy clay, or clay with gravel and boulders, 

locally capped by five to six feet of topsoil The underlying bedrock is descnbed m most well 

records as alternahng layers of shale and sandstone, which is assumed to be a very generalized 

descnption of the Arapahoe Formahon Most of the wells for which records were exarmned were 

completed m sandstones at depths ranging from 35 to 275 ft (10 7 to 84 m) Stat~c water levels 

averaged 10 to 50 ft (3 to 15 m) higher than the screened interval, indcatmg moderate pressure 

head in the sandstones 
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2 1 2 2 Surface Water 

Great Western Reservolr is fed pnmanly by Clear Creek via Lower Church Ditch (Figure 2-1) 
Until recently, the reservolr also received influent from the north and south branches of Walnut 

Creek, both of which flow from the RFP The two branches merge into a single dramage wthin 

the RFP boundary (Figure 2-2) A chromc acid release at the RFP in 1989 prompted 

construction of a Walnut Creek &version, known as the Broomfield Diversion Ditch (Figure 2-3) 

Surface water affected by the chromc acid was dverted around Great Western Reservolr and dld 

not impact the reservolr (Dow et a l ,  1971-1989) Walnut Creek flow from the RFP is now 

treated and dlverted south around Great Western Reservolr into the dramage below the reservou 

outlet, where it combines with outflow from the reservolr The Broomfield Diversion Ditch 

effectively prevents surface water from the RFP from reaching Great Western Reservorr Walnut 
Creek contmues below Great Western Reservolr and eventually dlscharges mto Big Dry Creek 

several mles downstream from the reservolr (USGS, 1980) 

0 

Within the RFP boundary, the North and South Walnut Creek drainages contam the A and B- 

senes hollng ponds, respecnvely In North Walnut Creek, there are four ponds designated A- 1, 

A-2, A-3 and A-4, from west to east (Figures 2-1 and 2-2) Ponds A-1 and A-2 are used only 

for spill control, and North Walnut Creek stream flow is &verted around them through an 

underground pipe Pond A-3 receives North Walnut Creek stream flow and runoff from the 

northern portion of the RFP Pond A-4 is utilized for surface water control and for overflow 

from Pond A-3 (Rockwell, 1988a) 

0 

Five retention ponds located along South Walnut Creek are designated B-1, B-2, B-3, B-4 and 

B-5, from west to east (Figures 2-1 and 2-2) Ponds B-1 and B-2 are reserved for spd control 

Pond B-3 receives treated effluent from the RFP sanitary sewage treatment plant Ponds B-4 and 

B-5 receive surface runoff from the central part of the plant and rouhnely receive dlscharge from 

Pond B-3 Pond B-5 also collects overflow from Pond B-4 (Rockwell, 1988a) 

2 1 3 Environmental hvesngahons 

From the opening of the RFP in 1952 through approximately 1979, water conwing 

decontarmnated process and laundry effluent was discharged through the B-senes ponds to South 
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Walnut Creek (Rockwell, 1988a, Dow, 1973) Cooling tower blowdown and treatment system 

steam condensate were drscharged to the A-senes ponds, which feed mto North Walnut Creek 

These dscharges contained radonuchdes which accumulated in the sedments of the holdmg 

ponds, Walnut Creek, and Great Western Reservolr (DOE, 1980) The EPA concluded in 1975 

that histonc releases of contmnants from the RFP to Great Western Reservolr resulted pnmanly 

from the followmg actlvities (Appendx D, Document D-3) 

0 

Early operatlonal practices at the plant (1950s and 1960s) 

Reconstrucbon of the holdrng ponds between 1970-1973, which resuspended pond 
selments and released some of this matenal to Great Western Reservolr 

A 1973 tntium release from the RFP (Secbon 2 1 3 2) 

Alrborne transfer of radronuclides (pnmmly plutonium) 

The following secbons present chronologrcal summanes of envlronmental stu&es conducted to 
date of Site 200 Analytical results from these stuhes are summmzed rn Table 2 1 The studes 

are incorporated by reference to the documents in Appenduc D and to the bibliography m Sectlon 

2 1 3 1 Reservolr and Dramage Sedments 

The EPA conducted the first extensive sampling of bottom sedments in Great Western Reservou 

in February and September 1970 The results inlcated that a layer of sAment contaming 

plutonium above the EPA estlmated basehne (worldwide atmosphenc fallout) level of SO 1 

picocune per gram (pcdg), or 00037 becquerel per gram (Bq/g) was present m the bottom of 
the reservolr The thickness of the plutonium-beanng selments was 2 in (5 cm) or more at all 

sampling locabons The highest concentratlons of plutonium were detected in sedlments in the 

Walnut Creek inlet area and the central section of the reservolr (lealng to the dam mlet) The 

lowest concentratlons were found in the south arm, the shoreline area between the south arm and 

the dam, and the western pomon of the north arm (Appendu D, Documents D-1 and D-2) 
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TABLE 2.1 

GREAT WESTERN RESERVOIR PLUTONIUM ANALYTICAL DATA 

"Raboacuvity Levels 111 the Envlrons of the 
Rocky Flats Plutonium Plant, Golden, Colorado, 
1970," Apnl 1971, by EPA (Append= D, 
Document D-1) 

Data Source 

Surf Sed' 0 10-0 13 

- Water 003 

~ ~~- 

I Range @cdg or 1) Average Number of 

"Radoactwity Levels m the Envlrons of the 
Rocky Flats Plutonium Plant, Colorado, 1970, 
Part 11," December 1973, by EPA (Appendm D, 
Document D-2) 

"Plutonium Levels in the Sedunent of Area 
Impoundments Envlrons of the Rocky Flats 
Plutonium Plant - Colorado," February 1975, by 
EPA (ADDendut D. Document D-3) 

Surf Sed 0 08-0 86 

Sed Core 0 03-1 0 

Water coo2 

Surf Sed coo61 1 

Sed Core c0 0 2 4  5 

0 1 1  

0 03 

0 34 

0 24 

co 02 

14 

0 97 

20 

12 

1 

20 

15 

"Survey of Reservolr Sebments," August 1974, 
by Dow Chemical (Appenhx D, Document D- 
4Y 

"Radonuchde Concentrauons m Reservolrs, 
Streams and Domesuc Waters Near the Rocky 
Flats Installahon," Apnl 1981, by Battelle PNL 
(Appenbx D, Document D-5)3 

"Great Western Reservolr Splllway Sediment 
Sampling Program Phase I Report," May 1979, 
by Rockwell Internauonal (Appen&x D, 
Document D-7)4 

Samplmg Program Phase I1 Report," August 
1980, by Rockwell Internauonal (Appenbx D, 
Document D-8)' 

"Great Western Reservou Sdment Cores," 
February 1985, by Rockwell Internahond 
(Appendrx D, Document D-9) 

"Great Western Reservou Splllway Sdment  

~~~~ ~~~ 

Surf Sed 0 68-7 9 3 4  5 

Sed Core 0 001-5 3 0 42 13 

Sed Core 0 01-8 2 27 7 

Surf Sed 0 013-0 083 004 14 

Sed Core 0 007-0 192 0 074 14 

Sed Core 0 006-0 07 004 7 

Surf Sed 02-61 3 5  48 

Sed Core 0 013-5 4 1 2  4 

1 Surface sedunent grab sample--typically represents upper 5 cm of sdments 

Results are for samples collected in 1973 by EPA and split with DOE Surface sedment grabs analyzed by 
Rocky Flats laboratory, sedunent cores analyzed by Battelle Pacfic Northwest Laboratory and Lawrence 
Livermore Nahonal Laboratory 

Collected numerous water and sedunent samples in which plutomum concentrauons were not measured 

Great Western Reservou splllway sedments, sampled pnor to removal and d~~posal 

3 

4 
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EPA resumed thelr inveshgahon of plutonium in surface water sdments east of the RFP in 

September 1973 This phase of the study further documented plutonium concentrauons in Great 

Western Reservou Sedlment samples collected both by dredgmg and conng indrcated that 

plutonium above expected baseline concentrabons was present over almost the en- bottom of 

Great Western Reservolr as a result of releases from the RFP The maximum plutonium 

concentrahon detected was 4 5 pCdg (Table 2 1) The results confirmed the areal dismbuhon 

of plutonium delmeated by the 1970 study, except that the highest concentrahons were found rn 
the deepest areas of the reservou rather than in the Walnut Creek inlet area It was also observed 

that plutonium-239 concentrahons in the uppermost sedrment layer increased substanually in the 

three years between the studles This increase was traced to an influx of sedunent resuspended 

from the RFP holdmg ponds d u n g  pond reconstruchon aChVitieS This study also measured 

concentrahons m Great Western Reservolr sediments of selected radonuclides other than 

plutonium and of beryllium No significant vanahons in the concentraQons of these potenbal 

RFP contarmnants were observed throughout the reservou or between Great Western Reservou 

and Standley Lake (Site 201) (Appendut D, Document D-3) 

0 

0 The 1970 and 1973 EPA studes also sought to confirm the esamated plutonium baseline 

(background) level by samphng sdments from Front Range reservom believed to be unaffected 

by the RFP Dunng the 1970 study, sdment  samples were collected from C h s  Lake and 

Autrey Reservolr (Appendx D, Documents D-1 and D-2) Dunng the 1973 study, samples were 

collected from Cherry Creek Reservolr, Marston Lake, and Ralston Reservolr (Appenduc D, 

Document D-3) With one excephon, analysis of samples from these reservom ylelded 

plutonium-239 levels below 50 1 pCdg (0 0037 Bq/g), substanhaung EPA’s esumated basehne 

COnCenUahOn 

An accidental release of tnuum from the RFP into Walnut Creek and Great Western Reservov 

occurred in 1973 (EPA, 1974) Subsequent studles measured mhum concentrahons m reservou 
water as a result of the release, however, tnuum contammanon in reservou sedments has not 

been studled (Rockwell, 1988b) 
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In 1974, Battelle Pacific Northwest Laboratones conducted an investigation of ralonuclide 

concentrabons in reservolr and stream selments near the RFP Concentranons of plutonium-239, 

plutonium-240 and amenciurn-241 in the selments of Great Western Reservolr and Walnut 

Creek were found to exceed "baselme levels" (presumably the EPA basehne of 50 1 pCdg 

[0 0037 Bq/g]) The study estmated the total inventones of plutonium and amenciurn in Great 

Western Reservolr sediments at 244 mllicune (mCi) and 73 mCi (9 02 and 2 7 mgabecquerel 

[GBq]), respecttvely Concentrattons of cesium-137 were at or below expected baselme 

concentraaons Age-dated secbment cores collected dunng this study from Great Western 

Reservolr demonstrated two separate penods of plutonium deposihon, 1968- 1969 and 1959- 1964, 

both of which coincide with recorded, controlled waterborne releases from the RFP Worldwde 

fallout from atmosphenc nuclear weapons tesung may also have contnbuted to the plutomum m 
the 1968-1969 selment layer (Appenlx D, Document D-5) The 1968-1969 peak detected in 
the Battelle study also corresponds to a penod of windborne releases from the 903 Pad, a former 

drum storage area near the eastern end of the RFP controlled area (Figure 2-1) (DOE, 1991a) 

Also in 1974, Colorado State University (CSU) conducted a study of plutomum 111 aquauc 

systems of the EGP envlrons This study concluded that the clay fraChOn of RFP sehments has 

an extremely high affinity for plutonium and, left uncbsturbed, provides an excellent retenhon 

mechanism for plutonium in the aquatlc system Laboratory stu&es related to this inveshgahon 

showed that the adsorpbon of plutonium onto the selments was rapid and essennally mversible 

(CSU, 1974) 

0 

Results of stules conducted through 1974 were summanzed in a 1975 report by Dow Chemcal 

Accorlng to this report, the stules demonstrated that plutonium in surface water impoundments 

is not really transported from the impoundments Consequently, the majonty of the plutonium 

released through RFP surface waters was contamed m the on-site holdmg ponds Plutomum 

concentrahons in Walnut Creek sedments increased downstream, suggestmg downstream 

rmgrauon of plutonium released at an earher time @ow, 1975) 

In 1979 and 1980, Rockwell International measured plutonium and amenciurn concentrauons in 
sehments on the Great Western Reservolr ovefflow spillway pnor to removal and dsposal of the 
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selments by the City of Broomfield Levels of plutonium-239, plutonium-240 and amencium- 

241 in spillway sedlment samples were near regional atmosphenc fallout background 

concentrahons Plutonium concentrabons averaged 0 04 pCdg and peaked at 0 19 pCdg in the 

spillway sediments Plutonium and amenciurn concentrabons in the spillway sedunents vaned 

little with depth, supporting the conclusion that the selments accumulated through a combinabon 

of hillslope erosion, wave action and selment mxing, rather than the contlnuous lacustnne 

deposibon typical of the reservox bottom selments (Appendlx D, Documents D-7 and D-8) 

In 1983, Rockwell Internabonal collected 48 sedlment surface grab samples and four sdmen t  

cores dunng an extensive Great Western Reservolr geochemcal sampling project Duplicates 

cores were collected at three locatlons for joint analysis by the City of Broomfield The results 

of this study were not pubhshed in report form, but were summanzed in pubhc meehngs 

Maximum recorded plutonium concentrabons in these cores were 5 4 pCdg (Rockwell) and 4 9 

pCdg (Broomfield), occmng  at depths of 17 in (43 cm) and 7 5 m (19 cm), respechvely The 

study indlcated that plutonium occurred in a dlscrete sechment honzon correspondmg wth 

histoncal releases from the RFP, and that this honzon had been bmed to varymg depths by 

subsequent selmentabon Sedmentation rates based on core samples were d e t e m e d  to vary 

from >1 4 in/p (>3 5 cm&) in the eastern, deeper areas of the reservou to <O 1 m/yr (e0 25 

cm/yr) in the shallower areas (Appendx D, Document D-9) It was also concluded that no 

evidence existed of plutonium mgration through the sedlment column (Rockwell, 1988b) 

I 

Numerous stules have focused on surface soil plutonium contmnatlon east of the RFP (DOE, 

1991a) Elevated plutonium concentrabons have been measured in surface soils north, west, and 

south of Great Western Reservox as a result of windborne releases from the 903 Pad, a former 

drum storage area within the RFP (Figure 2-1) The dstnbubon of surface soil plutomum 

contamnahon around the reservolr suggests that windborne parhculates have conmbuted to the 

plutonium 111 Great Western Reservolr sehments 
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2 1 3 2 Reservoir and Dramage Water Ouahty 

Surface water quality in North and South Walnut Creeks and in Great Western Reservolr has 

been monitored since shortly after the RFP opened in 1951 (Rockwell, 1988a) Tap water is also 

monitored for prospective RFP-denved contarmnants 111 a number of municipaliues around the 

RFP, includmg the City of Broomfield, which is supplied by Great Western Reservolr In 
addmon, a number of histoncal studles have focused on potenual impacts to Site 200 water 

quality as a result of RFP releases 

Histoncal Studies 

A 1973 EPA study concluded that dlssolved plutonium concentrations in water samples from 

Great Western Reservolr and Walnut Creek were less than atmosphenc fallout-denved baselme 

concentrauons of ~ 0 0 3  picocunes per hter (pC1/1) (<OW1 Bq/l) Dissolved uranium 

concentrauons were less than the expected natural background of 2 5  rmcrograms per liter 

(Appenlx D, Document D-3) 

An accidental release of muum in 1973 from the RFP lnto Walnut Creek and Great Western 

Reservolr was the focus of another EPA study EPA estlmated that the release resulted ~tl a total 
comrmtted dose of 4 mlllrem (0 04 mlhsievert) to the average indlvidual usmg the reservou as 

a source of dnnlung water EPA found that this dose had mxumal impact on public health and 

I d  not recommend any mugauve actions (EPA, 1974) Tnuum concentraaons in Great Western 

Reservolr waters returned to approximately background levels by 1977 (Rockwell, 1988a) 

Tntium is one of the ralonuclides rouunely monitored in RFP surface water effluents and nearby 

public water supplies (Dow et a l ,  1971-1989) 

In 1974, Battelle conducted an investigauon of ra&onuchde concentrahons in reservom, streams 

and domestic tap waters near the RFP Plutonium-239, plutonium-240, and amencium-241 

concentrauons in Great Western Reservolr and Walnut Creek water were shghtly above the 

expected atmosphenc fallout background, which was not specifically quanufied m thls study 

Concentrations of these three ralonuclides in Broomfield tap water were slightly above the 

detection limt of 4 5x10" pCdI (1 7x10' Bq/l) but were orders of magnitude lower than the EPA 
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Natlonal Pnmary D h n g  Water Regulation of 15 pCfl (0 55 Bq/l) for total long-lived alpha 

activity (exclusive of radon and uranium) (Append= D, Document D-5) 0 
A 1981 Rockwell Internahonal study statistically compared available gross alpha and plutonium 

monitonng data for Great Western Reservolr water and Broodield tap water with plutonium and 

gross alpha data for other regional water b d e s  and supplies All of the compmsons (with the 

excepuon of those for Ralston Reservolr water, in which very low plutonium concentrabons 

occurred) indcated that concentrauons of plutonium and gross alpha in the regonal waters &d 

not staustically hffer from those in Great Western Reservon water and Broomfield tap water 

(Rockwell, 1981) 

Water from Great Western Reservoir is filtered at the Broomfield water treatment plant The 

filters are routinely backwashed into a setthng lagoon at the plant Accumulated backwash 

sludge is pendcal ly  removed from the lagoon and analyzed for a vanety of parameters, 

including plutonium, pnor to lsposal Plutonium above background concentmuons has not been 

detected 111 the sludge in past analyses Filter sludge was last analyzed and removed from the 

lagoon approximately five years ago (Broomfield, 1990) Fdter sludge was also analyzed at the 

Broodield plant by the EPA (Appendut D, Document D-1) and Battelle (Appendut D, 

Document D-5) 

0 

Rounne Monitonnq 

Rouune monitonng of surface water withm and around the RFP, of all effluent streams leavmg 

the RFP, and of tap water 111 municipalitles around the RFP has been conducted since shortly 

after the RFP opened in 195 1 Specific sampling and analyucal protocols have vaned throughout 

the history of the surface water monitonng program Informatron regardmg sample locauons, 

analytlcal protocols, analytlcal results, and compliance with applicable state and federal water 

quality standards has been summanzed since 197 1 in the RFP monthly and annual enwonmental 

monitomg reports (Dow et al , 1971-1989) The surface water monitonng program is also 

summanzed in the RFP envlronmental impact statement (DOE, 1980) 
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Water quality in Great Western Reservolr and off-site reaches of Walnut Creek is routlnely 

monitored by the City of Broomfield and CDH Broomfield samples Walnut Creek at a locatlon 

immelately east of the RFP on a monthly basis and tests for eight volaule organic compounds 

(VOCs) An automahc sampler at the same location collects a composite water sample each 

week for gross alpha and gross beta analysis Weekly samples also are collected by Broomfield 

from Walnut Creek below Great Western Reservolr and analyzed for gross alpha and gross beta 

Water entemg the Broomfield water treatment plant from the reservolr is momtored monthly for 

eight VOCs Treated Broomfield tap water is also monitored weekly for gross alpha and gross 

beta, and monthly for eight VOCs (CDH, 1989) CDH conducts quarterly samphg of Great 

Western Reservolr for selected herbicides, pesucides, metals, base neutral acids (BNAs), and 

rahonuclides Broomfield water treatment plant influent from Great Western Reservov is 

analyzed weekly by CDH for selected ra&onuclides (CDH, 1990a) 

@ 

The RFP, Broomfield, and CDH surface and tap water monitonng programs have produced a 

large volume of data to assess the potenha1 impacts from RFP releases on Site 200 surface water 

quality The monitonng is conducted m part to ensure that the RFP is rn compliance wth 

applicable state and federal water quality standards Applicable standards have vaned since the 

opening of the RFP in 1951 Currently applicable standards for the RFP rnclude 
0 

The Nauonal Pollution Discharge Ehrmnatlon System (NPDES) standards for the RFP, 
first issued in 1974, which lirmt nonradIoactIve dwharges from the plant 

State dnnlung water standards for radIoactlve contarmnants rn commumty water 
systems, promulgated in 1977 

Colorado Water Quality Control Comrmssion (CWQCC) temporary water quahty 
standards for both raloacuve and nonradIOachve contamants, whch were adopted in 
July 1989 for all mbutanes to Great Westem Reservov from the RFP 

Descnpuons of these standards, and informauon about RFP comphance wth the standards, are 

contamed in the RFP monthly and annual envmnmental monitonng reports @ow et al , 1971- 

1989) 
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2 2 STANDLEY LAKE (Site 201) 

Site 201 encompasses Standley Lake, off-site reaches of Woman Creek (which flows into the 

reservou from the RFP), and downstream surface water features possibly impacted by outflow 

from the reservou (Figure 2-1) Portions of Woman Creek within the boundanes of the RFP will I 

be investigated as RFP OU 5 and are not included in Site 201 

2 2 1 Location and DescnDtlon 

Standley Lake is a large reservolr located approximately 2 rm (3 2 km) southeast of the RFP’s 

eastern boundary (Figure 2-1) in Sechons 16, 17, 20, 21, 22, and 28, T2S R69W Uses of the 
reservolr include municipal water supply and recreanon The reservolr has been owned by The 

Farmers Reservou and Irngabon Company of Bnghton, Colorado since its construchon between 

1909- 1919 Although the dam has undergone penolc mnntenance and reconstrucaon, most 
, recently m 1978, Standley Lake’s present volume of 43,000 acre-feet (5,300 hectare-meters) has 
I remamed relatively unchanged since its constructlon Approximately 67 percent of the m e w o r  

water is used as municipal water supply for the ciues of Wesmnster, Northglenn and Thornton 

The remnning 33 percent is transported through unganon dtches to agncultural areas northeast 

of the lake, pnmanly between Broomfield and Fort Lupton Standley Lake receives 

approximately 96 percent of its water from Clear Creek via an mgaaon dltch, but is also fed by 

Woman Creek (Figures 2-1 and 2-3), whch drams the southern side of the RFP (Farmers, 1990) 

1 0 

A geologic charactenzahon of Standley Lake was performed by Wneral Systems, Inc m 1982 
to provide data for the enlargement of the dam and reservou Bedrock outcrops at vmous 

10CahOnS around the lake consist of claystone with interbedded sandstone lenses, probably of the 

Arapahoe Formabon These units chp gently to the northeast Overlymg the bedrock are surficial 

deposits averagmg 15-20 ft (5-7 m) thick, consisbng of a senes of alluvial terraces, colluvium, 

and mmor other deposits No faults have been idenbfied 111 the area (Hydro-Tnad, 1982) 

Although other site-specific infonnauon concerning S tandley Lake geology and ground water 
hydrology are laclung, it is expected that conchnons in the immedlate vicinity of the reservolr are 

sirmlar to those descnbed in Secuon 2 1 2 1 for Great Western Reservolr 
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Within the RFP boundary, the Woman Creek dramage contams the two C-senes holdmg ponds, 

Ponds C-1 and C-2 (south and east of the man producaon area, respecavely) (Figures 2-1 and 

2-2) Pond C-1 receives flow from Woman Creek This flow is dwerted around Pond C-2 and 

back into the Woman Creek channel downstream of Pond C-2 Pond C-2 receives surface runoff 

from the South Interceptor Ditch which collects surface runoff from the southern half of the RFP 
man production area (Rockwell, 1988a) The South Interceptor Ditch runs along the south 

(downgradent) side of the man production area, between the controlled area and Woman Creek 

(Figure 2-2) Pond C-2 water formerly was dscharged into Woman Creek in accordance wth 

the NPDES p e m t  for the RFP More recently, water was pumped from Pond C-2 into a 

treatment facility, then through an aboveground pipelrne to the Broomfield Diversion Ditch, 

where it was dscharged in accordance with an amended NPDES perrmt and an agreement with 

the City of Broomfield This ducharge agreement expmd at the end of 1990, and no water has 

been discharged from Pond C-2 since this ame The DOE has recently exarmned the possibhty 

0 

of Qschargmg Pond C-2 water to Mower Reservolr (see Secaon 

controls within the RFP allow the RFP to 

producaon facihty (the controlled area shown e 
effectlvely prevent 

in Figure 2-1) from 

2 3 1) These surface water 

runoff from the RFP man 
reachmg Standley Lake 

2 2 2 Envlronmental Investigations 

Radoactlve matenals released from the RFP may have been transported to S tandley Lake through 

surface water (pnmanly in suspended sedments) and/or =borne parhculates (fugmve dust) 

Between 1952 and 1973, the RFP dscharged water treatment facility filter backwash mto 

Pond C- 1, which dscharges mto Woman Creek (Rockwell, 1988b) At present, only buffer zone 

surface runoff and natural ground water seepage flow into the Woman Creek dramage withing 

the RFP boundary (Dow et al , 1971-1989) 

The followng secoons present chronological summanes of enwonmental studres conducted to 

date of Site 201 Analyacal results from these stuhes are summanzed in Table 2 2 Many of 

the studles conducted at Great Western Reservolr (Secaon 2 13) also included Standley Lake 

Reports associated with these studles are incorporated by reference to the documents in Appendm 

D and to the bibliography in Secaon 6 0 
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TABLE 2.2 

STANDLEY LAKE PLUTONIUM ANALYTICAL, DATA 

Data Source 

"Radtoachvlt~ Levels m the Envuons of the 
Rocky Flats Plutomum Plant, Golden, Colorado, 
1970," Aprrl 1971, by EPA (Appendm D, 
Document D-1) 

SurfSed' 004-005 

- water coo2 

" ~ O a c h w t y  Levels m the Enwons of the 
Rocky Flats Plutomum Plans Colorado, 1970, 
part 11," December 1973, by EPA (Appendm D, 
Document D-2) 

"Plutomum Levels III the Sedment of Area 
Impoundments E n m n s  of the Roc@ Flats 
P l u t o ~ ~ m  Plant - Colorado," February 1975, by 
EPA (Appemb D, Document D-3) 

SurfSed. 005-021 

SedCore 009-037 

- water coo2 

Surf Sed. cO02-0 17 

SedCore cOO3-016 

0 045 2 

<O 02 1 

0 13 2 

0 19 2 

co 02 1 

0 07 17 

0 07 8 

I 

"Survey of R-ou Sedunents," August 1974, 
by Dow Chmcal (Appendm D, Document D- 

"Wonuchde  COnCentrahOnS m Reservous, 
Sereams and bme!shC Waters Near the Rocky 
Flats Installatron," Apnl 1981, by Battelle PNL 

"Tune Paltern of Off-site PlutoNum 
Contarmnatlon from Rocky Flats Plant by Lake 
Sedvnent Analyses," July 1978, by DOE 
(Appendm D, Document D4) 

4,' 

(Ap~endm D, Document D-5)' 

"Standley Lake Sedunent Sample Collechon 
Summary," September 1984, by Rockwell 
hW€nah~nd ( A p h  D, Document D-10) 

Surf Sed. 013-3 16 13  6 

SedCore OoooO7-0109 0016 8 

Surf Sed. 0 15-029 0 22 3 

- Water 00015 0 0015 1 

SedCore 003456 0 15 2 

~~ 

surfsed. "-055 I o 0 4  I 63 

' Surface sedment grab sample-typically represents upper 5 cm of sedments 

Results arc for samples collected 111 1973 by EPA and spht wth DOE Surface sedment grabs analyzed by 
Rocky Flats laboratory, sent cores analyzed by Battelle Pacdic Northwest Laboratmy and Lawrence 
Livemore Nat~onal Laboratory Reported values from Rocky Flats laboratgr are much lugher than those 
recorded m other Standley Lake samphg programs Very low confidence m these values 

Collected numerous water and sedment samples m whlch plutomum concentrattons were not measured ' 
' ND = below Rocky Flats laboratory detechon l m t  of 0 002 pCdg 
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2 2 2 1 Reservou and Dramage Sehments 

The EPA collected four surface grab samples and two cores of bottom sdments from Standley 

Lake m 1970 The results mdtcated possible plutomum contarmnahon above the eshmated 50 1 

pCdg (0 0037 Bq/g) basehne concentraaon (worldwide atmosphere fallout) in the deeper areas 

of the reservow EPA concluded that elevated plutomum in Standley Lake resulted from 
unspecified releases from the RFP, and speculated that these releases occurred from surface water 

erosion and transport of plutomum-contammated sod (Appendm D, Documents D-1 and D-2) 

EPA resumed thew mveshgahon of plutomum m surface water dments  east of the RFP in 

1973 Analysis of seventeen surface grab samples and eight cotes of Standley Lake sedunents 

yielded plutomum concentranons above eshmated basehe concentraaons m only two of the 

surface grab samples Plutomum concentranons m the c m s  taken at the locaaons of these grab 

samples were slflltlar to basehe COnCentIahOnS (I 0 1 pCdg) EPA beheved the c m s  to be 

mote representahve of actual condlhons at the two hCahOnS, and Concluded that the collectwe 

sarnphg effort &d not mdlcate any dlscemable plutomum contarmnatlon m Standley Lake 
sedunents ambutable to RFP releases (Appendut D, Document D-3) e 
Dunng a 1974 mveshgahon of radlonuchdes 111 the sedments of reservovs and streams near the 

RFP, Battelle Paclfic Northwest Laboratones collected eight surface sedment grab samples and 

a smgle sedment core from Standley Lake Several samples conwed plutomum above EPA 

eshmated basehe levels of 9 1 pCdg (00037 Bq/g) Based upon the slngle core sample, 

Battelle extrapolated total plutomum and americium mventones for Standley Lake sedunents at 

60 and 18 mCi (2 2 and 0 7 GBq/g), respechvely The core also suggested that cesium-137 levels 

m Standley Lake sedments were typical of atmosphenc fallout basehe levels The Battelle 

study &d not attempt to &fme the histoncal source of Standley Lake plutomum COntarmnahOn 

(Appendm D, Document D-5) 

Separate studles of plutomum m the surface water systems m the vlct~llty of the RFP concluded 

that (1) plutomum rapidly and almost mversibly attaches itself to clay s e b n t s  (CSU, 1974), 

and, (2) plutomum m surface water mpoundments does not move very far or very rapidly 
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through subsurface waters, meaning that the majonty of the plutonium released through RFP 

surface waters was contained in the on-site holdmg ponds (Dow, 1975) ' @ 
The DOE collected two sedment cores from Standley Lake in August 1976, and detemned 

through correlation of peak radonuclide concentraoons in the longer core that it represented 

approximately fourteen years of sedmentation (1962-1976) This datlng enabled DOE to 

calculate an average sehmentaoon rate for the core locaaon of 1 3 dyr (3 4 cdyr), and to 

conclude that plutonium concentrations m the core locaaon exceeded baseline levels smce 1966, 

peaked in 1969, and declined after 1969 The report attnbuted 70 percent of the plutonium m 
Standley Lake to releases from the FWP and speculated that this plutonium was transported both 

by axborne paraculates and by soil erosion within the lake dramage basin (ie surface water) 

The ume correlauon of plutonium deposition in the core corresponded with the known penod of 

windborne plutonium release from the 903 Pad at the EUT (Figure 2-1) (Appenhx D, 
Document D-6) 

Rockwell Internatlonal conducted an extensive sedunent sampling program at Standley Lake in 

1984 to evaluate sehment plutonium concentraoons and to compare the results wth prevlous 

work A total of 63 surface sehment grab samples and four sehment cores were collected by 

Rockwell, of which seven grab samples and two cores were collected jointly with the Crty of 

Westrmnster The results of this study were not published in report form, but were summanzed 

in public meetmgs A maximum concentraaon of 0 61 pCdg (0 02 Bq/g) was detected at a depth 

of 6 3-7 1 in (16-18 cm) in one core The maximum plutonium concentrauon measured m the 

surface sediment grab samples, which potenoally represented a sehment depth of several inches, 

was 0 55 pCdg (0 018 Bq/g) (Appenbx D, Document D-10) 

@ 

In 1989, the CDH analyzed vmous species of fish collected from Standley Lake to detemne 

if they were safe for human consumpaon The fish were analyzed for selected metals, 

rahonuclides (includmg plutonium-239, plutonium-240, and cesium-137), and pnonty organic 

pollutants No radionuclides were detected in the fish, however, low concentrauons of cadrmum, 

mercury, selenium, and the pesacides DDT, DDE, DDD, and malathion were detected in some 

or all species The report stated that the source(s) of these contarmnants was indetemate, but 
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, that none of the contarmnants detected were unique to the RFP It was concluded that the 
contamnants may have onginated from a vanety of sources in the watershed, includmg water 

drverted from Clear Creek, which contnbutes 96 percent of the mfluent to Standley Lake 

(Appendx D, Document D-1 1) 

2 2 2 2 Reservoir and Drainage Water Oualitv 

The quality of surface water in Woman Creek and Standley Lake has been monitored smce 

shortly after the RFP opened in 1951 Tap water is also monitored for prOSpeChVe RFP-denved 

contamnants in a number of municipalities around the RFP, includmg the citles of Westrmnster, 

Thornton, and Northglenn, which are supplied by Standley Lake In addmon, several histoncal 

stuhes have focused on potential impacts to Standley Lake water quality as a result of RFP 
releases 

Histoncal Studes 

A 1973 study by the EPA concluded that dssolved plutonium concentraQons in water samples 

from Standley Lake were less than atmosphenc fallout-denved baseline concentratlons of 4 03 

pC1/1 (0001 Bq/l) Dissolved uranium concentranons were less than the expected natural 

background of 2 5 mcrograms per liter (Appendlx D, Document D-3) 
0 

Battelle Pacific Northwest Laboratones analyzed Standley Lake water as part of thelr 

investigation of ra&onuclide concentranons in reservom, streams and domestlc waters near the 

RFP Plutonium-239, plutonium-240, and amencium-24 1 concentrauons m Standley Lake water 

were above the expected atmosphenc fallout background, which was not speclfically quanMied 

in this study, but were orders of magnitude lower than the EPA Nafional Pnmary Dnnlang Water 

Regulatlon of 15 pCdl (0 55 BqA) for total long-hved alpha actlvlty (exclusive of radon and 

uranium) Concentranons of these three radronuchdes were below detecaon llrmts of 4 5 ~ 1 0 ~  

pC1/1 (1 7x10 Bq/l) m Westmmster tap water (Appenhx D, Document D-5) 
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Filtraaon of Standley Lake influent occurs at the Northglenn, Thornton, and Westrmnster water 

treatment plants Discussions with personnel at each of these facilioes indxate that filter 

backwash sludge is not and has not previously been analyzed for plutonium or gross alpha 

acuvity 

0 

Rouhne Monitonng 

Rouane monitonng of surface water within and around the RFP, of all  effluent streams leaving 

the RFP, and of tap water m municipalities around the RFP has been conducted smce shortly 

after the RFP opened in 195 1 Specific sampling and analyucal protocols have vaned throughout 

the history of the surface water monitonng program Informauon regardmg sample locauons, 

analyacal protocols, analyacal results, and compliance with applicable state and federal water 

quality standards has been summanzed since 197 1 in the RFP monthly and annual envvonmental 

monitonng reports (Dow et al ,  1971-1989) The surface water monitonng program is also 
summanzed in the RFP envlronmental impact statement (DOE, 1980) 

The cities of Northglenn, Thornton, and Westrmnster each monitor raw water mfluent from 
Standley Lake at thelr respective water treatment plants for VOCs, gross alpha and gross beta 

Westmnster also monitors treated (tap) water for gross alpha and gross beta Woman Creek is 

sampled immehately east of the RFP boundary once each month by the City of Thornton and 

analyzed for 59 VOCs Another location along Woman Creek is sampled weekly for gross alpha 

and gross beta analysis Standley Lake water is sampled monthly near the Westrmnster treatment 

plant inlet and analyzed for 59 VOCs Water is also sampled monthly near the Standley Lake 

dam at six different depths and analyzed for gross alpha and gross beta (CDH, 1989) CDH 

conducts quarterly samphng of Standley Lake for analyses of selected herbicides, pesucides, 

metals, BNAs, and radonuchdes Westrmnster water treatment plant influent from Standley Lake 

is analyzed weekly by CDH for selected radlonuclides (CDH, 1990a) 

0 

The surface and tap water monitonng programs conducted by RFP, CDH, and the ciues supphed 

by Standley Lake have produced a large volume of data to assess the potenual mpacts from RFP 
releases on Site 201 surface water quality The monitonng is conducted in part to ensure that 

the RFP is in compliance with applicable state and federal water quahty standards Apphcable 
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standards have vaned since the opening of the RFP in 1951 Currently applicable standards for 

the RFP include 

NPDES standards for the RFP, first issued in 1974, which llmrt nOXIradIOaChve 
dscharges from the plant 

State d n w g  water standards for radoactive contarmnants in community water 
systems, promulgated in 1977 

CWQCC temporary water quality standards for both radI0aChVe and nonra&oachve 
contarmnants, which were adopted in July 1989 for all tnbutanes to Great Western 
Reservolr from the RFP 

Descnptions of these standards, and information about RFP compliance with the standards, are 

contamed in the RFP monthly and annual envmnmental monitonng reports (Dow et al , 1971- 

1989) 

2 3 MOWER RESERVOIR (Site 202) 

Site 202 encompasses Mower Reservolr, off-site reaches of the lmgahon &tch whch feeds the 

reservolr from Woman Creek, and downstream surface water features possibly impacted by 

outflow from the reservolr (Figure 2-1) Porhons of this mgahon htch wthm the boundanes 

of the RFP are part of RFP OU 6 and are not included in Site 202 

2 3 1 Location and Descnphon 

Very little documentahon exists for Mower Reservolr, a small, pnvately-owned impoundment 

located just southeast of the RFP in SeChOn 18, T2S R69W The reservolr is fed by Woman 

Creek via Mower Ditch, an ungatlon &tch that onginates wthin the RFP boundary (Figure 2-3) 

Mower Reservolr is used for agricultural purposes, pnmanly cattle watemg and mgahon, and 

fluctuates in capacity dependmg upon water supply and demand It covers an area of 

approximately 9 acres (3 6 hectares) and is roughly 50 ft (15 m) deep at its deepest point 

(Personal communicatlon, 1990) Outflow from Mower Reservolr flows southeast from the 

reservoir, eventually hscharging to Standley Lake (Figure 2-3) Mower Reservolr is located on 

land which was the subject of a lawsuit aganst the RFP by several landowners, allegmg 

contamnahon of the land surface by releases from the plant (DOE, 1991a) 
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I No site-specific information is avalable for geologic and groundwater condlaons at Mower 

Reservolr The ground water hydrogeological sethng at Mower Reservou is expected to be 

simlar to that descnbed for Great Western Reservolr (Sectron 2 1 3 l), whde surface water 

pathways from the RFP to Mower Reservov are simlar to those descnbed for Standley Lake 

(Section 2 2  1) 

' 0 
, 

The DOE recently exammed the possibdity of dlschargmg water from RFP holdlng Pond C-2 to 

Mower Reservou via Woman Creek and Mower Ditch (Figure 2-3) The followng condlaons 

would have to be met in order to lscharge Pond C-2 water to Mower Reservou 

All site-specific CWQCC lscharge standards would have to be met by the RFP (see 
Sechon 2 2 2 2) 

Pemssion would have to be obtined from the owner of Mower Reservolr 

Assurance would have to be obtaned from the reservou owner that the water would be 
used only for agrrcultural purposes 

2 3 2 Envlronrnental Investigations 

In contrast to the extensive histoncal sampling data avalable for Great Western Reservolr and @ 
Standley Lake, only very lmted data have been collected to charactenze Mower Reservou 

Because the reservolr is not a public water supply, its water quality is not monitored and has not 

previously been evaluated RFP-denved contamtnants rn Mower Reservolr are beheved to have 

been transported pnmanly as lrborne pmculates, and to a lesser degree by surface water 

through the Woman Creek dramage, which may have contnbuted to plutonium concentrabons in 
Standley Lake sediments (see Sechon 2 2 2) It can be inferred that contamnant concentrabons 

resulting from releases into Woman Creek would be s i d a r  for Mower Reservolr and Standley 

Lake, while concentraaons resulang from lrborne releases, and from erosion and transport of 
contamnated soils by surface runoff, would be simlar for Mower Reservov and Great Western 

Reservolr 

Mower Reservov sehments were sampled in 1970 dunng EPA's miual study of ra&oacbve 

contarmnahon in the aquatic envvons of the RFP A total of four surface sedunent grab samples 

were collected Plutonium concentrations in these samples ranged from 0 09-0 18 pCdg and 
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averaged 0 14 pCdg, slightly exceedmg EPA's esbmated baseline concentrauon of 5 0 1 pCdg 

(Appen&x D, Documents D-1 and D-2) No further charactenzaQon of Mower Reservou 

contammatton has been conducted since this 1970 samplmg effort 

' 

Numerous investtgabons have focused on elevated plutonium COnCentrahOnS m surface soils 

around Mower Reservou (DOE, 1991a) These stuhes have concluded that the pnmary source 

of the plutonium was windborne parhculates from the 903 Pad (Figure 2-1) It is expected that 

Mower Reservou received slrmlar amounts of plutonium through anborne transport as the nearby 

land surface 

2 4 OTHER RELEVANT STUDIES 

Several proposed or ongoing mvestigations within the boundanes of the RFP may produce data 

which is relevant to the OU 3 reservous Although invesbgatlons at on-site OUs have progressed 

to varying stages of completion, most are in the iniual assessment stage Invesugatlons of 

Woman Creek (OU 5) and Walnut Creek (OU 6) wdl help to detemne the extent to whch these 

dramages were pathways for off-site contarmnaoon which mght eventually have reached 

Standley Lake and Great Western Reservou Stuhes of surface sod contarmnatlon m the eastern 

part of the RFP as part of the ongomg invesbgatlon of the 903 Pad and associated on-site 

contarmnaoon (RFP OU 2) may elucidate the role of wind in transportmg contarmnants to the 

OU 3 reservous, particularly Mower Reservolr 

0 

In 1988, the Colorado School of Mmes (CSM) presented a proposal to the RFP to study 

rahonuclides in the sehments of Colorado Front Range lakes which had not been affected by 

releases from the plant (CSM, 1988) As a result of this proposal, a study was conducted for the 

RFP by CSM of Halligen Reservolr and Wellington Lake, located north of Fort Collins, Colorado 

and southeast of Baley, Colorado, respecbvely The objecaves were to more firmly estabhsh 

baseline rahonuclide concentraaons due to atmosphenc fallout so that "excessive" values could 

be operationally defined, to compare selmentation rates for the "background" reservom wth 

those for reservous near the RFP, and to detemne whether ralonuclides were subject to any 

post-depositional bioturbatlon The study deterrmned that plutonium concentrahons in the 

sehments of the two reservous peaked at 0 19 +O 02 pCdg (0 007 +O 00074 Bq/g), and proposed 
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this value as a baseline concentraaon for plutonium in Colorado Front Range reservous (CSM, 

1990) This level is somewhat higher than EPA’s estunated plutonium basehne concentraaon of 

- e0 1 pCdg (0 0037 Bq/g) The CSM study was presented to the RFP in May 1990, and has not 
yet been formally reviewed by the RFP or published for the scienufic community outside the 

RFP 

@ 

2 5 SITE DEMOGRAPHICS 
The population, economcs, and land use of the areas surroundmg the RFP are descnbed in a 

1989 Rocky Flats vicinity demographics report by DOE (DOE, in press) This report dwdes 

general use of areas within zero to 10 m (zero to 16 km) of the RFP mto residenhal, 

commercial, indusmal, parks and open spaces, agncultural and vacant, and 1nStItUtIOnd 

classificabons, and considers current and future land use near the plant 

2 5  1 Current Use 

The majonty of residenaal use within five rm (eight km) of the RFP is located unmedately north 

and southwest of Standley Lake Single (unincorporated) residents are located m the vlcimty of 

Great Western Reservolr and Mower Reservorr Figure 2-4 shows the 1989 populaaon 

dmnbunon within areas up to five mles from the RFP Commercial development is 

concentrated near the residential developments north and southwest of Standley Lake, and around 

the Jefferson County Aqort approximately 1 5 m (24 km) northeast of Great Western 

Reservolr Industnal land use within five rn (eight km) of the plant is limted to quanylng and 

mining operations Open Space lands are located northeast of Great Western Reservou, near the 

city of Broomfield, and in small parcels adjoining major dramages and small neighborhood parks 

in the cines of Wesmnster and Arvada Standley Lake is surrounded by Standley Lake Park 

Imgated and nomgated cropland, producing pnmanly wheat and barley, are located northeast 

of the FWP near the cines of Broomfield, Lafayette, and Louisville, north of the RFP near 

Louisville and Boulder, and m scattered parcels adjacent to Mower Reservov and Great Western 

Reservolr Several horse operaaons and small hay fields are located west of Standley Lake The 

demographics report charactenzes much of the vacant land adjacent to the RFP and the reservous 

as rangeland (DOE, in press) 

@ 
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construction requrements standard of 0 9 pCdg (0 03 Bq/g) (DOE, 1991a) The parcels of land 

are duectly south of Great Western Reservolr and westhorthwest of Mower Reservolr, and are 

owned by the City of Broomfield and Jefferson County, respectively These lands were part of 

a larger area adjacent to the RFP which was the subject of a lawsuit by landowners agrunst the 

United States between 1975-1985 The lawsuit settlement agreement requmd that the RFP 
remehate the Broomfield and Jefferson County acreage To date, soil plutonium concentrahons 

excluded from public access (DOE, 1991a) e 
2 5 2  Futureuse 

Future land use in the vicinity of Sites 200-202 most ldcely involves conmued suburban 

expansion, increasing the density of residenbal, commercial, and perhaps industnal land use m 
the areas The expected trend in populahon growth in the vicmity of the RFP is addressed in the 

DOE demographics study (DOE, in press) This report considers expected vanahons m 

population density by compmng the current (1989) semng to popdabon projechons for the years 

2000 and 2010 A 21-year profile of projected populauon growth in the vicimty of the RFP can 

thus be exammed The DOE projecuons are based pnmmly upon long-term populaoon 

projections developed by the Denver Regonal Council of Governments (DRCOG) 

Expected populauon density and hstnbubon around the RFP for the years 2000 and 2010 are 

shown in Figures 2-5 and 2-6, respectively Table 2 3 summanzes the populauon data presented 

in Figures 2-4,2-5, and 2-6 Sectors 3,4, and 5 depicted in these figures are relevant to the nsk 
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TABLE 2.3 

Segment 

Sector B C D E F G H Sum 
r 

Year: 1989 

CURRENT AND PROJECTED POPULATION IN THE 
VICINITY OF THE ROCKY FLATS PLANT 

5 

SUM 

300 13 25 3,671 477 578 2,355 7,419 

305 48 25 3,954 523 645 2,570 8,070 

1 

2 

II Year: 2000 I l 
0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 
~ 

3 

4 

5 13 0 0 0 17 0 35 

0 214 7 472 96 50 630 1,469 

5 

SUM 

II Year: 2Q10 11 

1,289 566 25 4,372 542 1,259 6,457 14,510 

1,294 793 32 4,844 638 1,326 7,087 16,014 

35 I 3 5 13 0 0 0 17 0 

0 389 14 644 142 50 1,007 2,246 

5 2,189 1,069 25 5,009 601 1,879 10,186 20,958 

SUM 2,194 1,471 39 5,653 743 1,946 11,193 23,239 
J) 

Source DOE (in press) 
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assessment presented in Section 40,  while sectors 1 and 2 represent property within the RFP 

boundary In addmon, only r add  Sectors B through H are considered relevant to Sites 200-202 
I 

It is concluded in Secnon 4 0  that windborne pmculates from exposed sedments is the most 

signlficant potential exposure pathway from the reservous which can affect human receptors 

The projected population growth in the next 20 years in areas typically downwind of the 

reservous (pnmanly Standley Lake) may mcrease the number of potenual receptors from the 

axborne pathway with the exception of one study m which the RFP measured higher 

concentrahons rn samples split with EPA (Appen&x D, Document D-4) It is repeated here that, 

with the excepuon of a study in which the RFP laboratory measured much higher plutomum 

concentranons in sample splits than &d EPA (Appenbx D, Document D-4), the peak plutonium 

concentranon measured in Standley Lake sehments in past stuhes is 061 pCdg (Table 22) 

This peak was found in the deeper water area of the reservolr (1 e , not prone to exposure and 

entramment by wind), and the selments contaning the higher concentraQons have been bmed 

by subsequent sedmentation Even if these sebments were somehow exposed to rurborne 

entramment, the peak concentrations are believed to be less than the CDH special COnStruChOn 

requlrements standard for plutonium in soil of 0 9  pCdg, which was promulgated to protect 

potenual receptors against axborne exposure This topic is addressed in more &tad rn Sectlon 

4 0 Extensive routine water quality momtonng of Standley Lake, Great Western Reservou, and 

municipal tap waters denved from these reservovs indcates that plutonium m the reservolr 

sediments has had no measurable impact on water quality, meanmg that probable increases in the 

populations supplied by the reservous will not constitute an increase in potenual receptors via 

the ingestion pathway 

I 

0 

It is assumed in Section 4 0 that the present use of Sites 200-202 will remam unchanged in the 

foreseeable future 
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I 3.0 CONCEPTUAL MODEL OF CONTAMINANT FATE AND MOBILITY 

Utllrzmg the lnformaton obwed in past studles (Section 2.0), a conceptual model of 
contammant transport and exposure pathways for Sites 200-202 is presented here for use m the 
evaluahon of the potenaal nsks of re servo^ contammanon to human health. 

The pnmary purpose of the conceptual model is to ad  m idenafylng exposure pathways by 
whxh populauons may be exposed to ConEamtnants from a site The EPA defines an exposure 
pathway as 'I a w q u e  mechamsm by whch a population may be exposed to the chermcals at 
or ongmaung from the site I' @PA, 1989) As shown m Figure 3-1, an exposure pathway must 

include a contarmnant some, a release mechamsm, a transport m d u m ,  an exposue mute, and 

a receptor An exposure pathway is not complete wthout each of these five components 

The general conceptual model for Sites 200-202 is shown m Figure 3-2 Figure 3-2 idenufies 

potenhd components of completed exposure pathways for the reservous and potenual mtcracuons 

between each component The lndrvrdual components of the exposure pathway arc defined as . follows. 

Contarmnant Source: For purposes of dus conceptual model, the contarmnant s o m e  
is the sedment and water of the reservovs and then mfluent and effluent dramages 
(limted to off-site reaches of dramages flowmg from the RFP) A dtstlncaon is made 
between dry and saturated sedments m the model because potentlal exposun pathways 
dlffer sigmficantly for dry and saturated sedments Because some contarmnants at Sites 
200-202 have been traced to past releases from the RFP, the plant is shown m the 
model as a hstoncal contarmnant source to the resemom and drarnages 

Release Mechmsm Release mechmsms are physical and/or chemcal processes by 
whch contarmnants arc released from the source, The conceptual d l  Idtntdks 
mechamsms whch release contarmnants h t l y  from the some and those whch 
release contarmnants from transport medta ( le ,  secondary release mechmsms) 
Numerous potentlal release mechantsms and secondary release mechantsms emst for 
Sites 200-202,8~ Show III Fig~re 3-2 

Transm M d u m  Transport medla are the medta mto whch contarmnants are 
released from the s o m e  and from whch the contarmnants arc m turn released to a 
receptor (or to another medium by a secondary release mechamsm) Potenual transport 
medla for Sites 200-202 mclude air, surface water, ground water, and biota (both flora 
and fauna) 
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Exmsure Route Exposure routes are avenues through whch contammants are 
physiolopcally mcorporated by a receptor. Exposure routes for meptors at Sites 200- 
202 ~ T C  mhalauon, mgesaon, and dermal contact. 

ReceDtog: For purposes of thls conceptual model, receptors are huted to human 
popdahons Human receptors for Sites 200-202 mclude nearby rcsldtnts and vlsitors 
to the sites. 

The conceptual model provldes a contarmnant source charactermuon and an ovemew of all the 
potenual exposure pathways that may result from releases from and/or mto each transport 
med~um. Some of these pathways have a hgher potcnual for occurrence than others Sigdicant 
exposure pathways whch are common to each reservo= are idenhfkd 111 thls sectron by 
evaluatlng the fate and mobhty of the contamrnant 111 each potenhal source and transport medlllLn 

that is included 111 the conceptual model. Reservou-speclfic exposure pathway issues arc then 

d~scussed 111 Section 4 0  Exposure routes and receptors, whch are also components of a 

completed exposure pathway, are addressed m Sechon 4 0 

The vmous elements of the conceptual model are c x p b e d  m the following stchons. e 
3 1 CONTAMINANT SOURCE 

Contarmnant fate and mobhty 111 the waters and sedunents that conshtute the pnmary 

contarmnant source medla at Sites 200-202 depend on the physical and chemcal ppemes of 

the source medla and the contarmnant 

3 1 1 Contarmnant Characte nsmg 
As discussed m Secaons 2 1.3,2 2 2, and 2 3 2, rcservou sdments at Sites 200-202 have becn 

shown to contam plutomun m excess of expected background concentranons (as measured m 
Colorado Front Range rese~om remote from the RFP) Concentranons of berylhum and of 

selected mhonuchdes other than plutomum (mcludmg amenaum) have also been charactend 

111 these sedunents, although to a much lesser extent than plutomum (Appendut D, Documents 

D-1, D-3, D-4, D-5, D-6, D-7, and D-8) Amencium has been measured m past stu&es above 

expected background concentraaons m Great Western Reservon and Standley Lake sedments 
(Appendu D, Document D - 3 ,  and can be expected to occur 111 the seduncnts as a result of 
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plutomum decay, however, sufficient americium data to perform even a quahtahve human health 

nsk assessment for sites 200-202 axe l a c b g  None of the avadable data for plutomum or other 
p t e n h d  contarmnants from past reservov studes meet the cntena estabhshed by EPA for 
perforrmng a nsk assessment @PA, 199Oa, see Appendut A) For these reasons, and because 
plutonium concentrahons 111 the reservon seduncnts have been well defmed from a site 
charactenzatlon standpomt (Appendm D, Documents D-1 through D-lo), plutomum is the only 
contarmnant consxkmd for purposes of the q~abtatlve nsk assessment (SeChOn 4 O), and is the 
only contarmnant addressed m the followmg detarled contarmnant charactermuon Reservou and 
stream waters m Sites 200 and 201 are roumely momtored for a vanety of radtoactlve and 

nomadIoachve contarmnants, and have also been analyzed for plutomum and other selected 
rahonuchdes m several past samplmg programs (sechons 2 1 3 2 and 2 2 3 2) These momtonng 

data wlll be reviewed dunng evaluation of other potenual c o n m a n t s  of conccrn under 
scheduled RFI/RI aChWheS at Sites 200-202. 

@ 

There are 15 known isotopes of plutomum that decay mto other elements at M m n t  rates (half- 
lives range from hours to 387,000 years) (Ames and R ~ I ,  1978) At the typical temperam, pH, 

and Eh ranges of envmnmental concern, plutomum wdl exlst largely as either plutomum &om& 
(PuOJ or, in aqueous enwonments, as a sohd hydroxide (Broolans, 1984) The pH of natural 

enwonments (e g., meteom waters, ground water, and fieshwater sedments) typically ranges 
from 4-9, whde envmnmental Eh can be expected to range from +800 to -200 (Brownlow, 

1979) The solubhty product constant of plutomum hydromde has been reported as 7x10’, 

mdcaung v m a l  msolubhty 111 water (Taube, 1964) Plutomum hydromde typically adsorbs 
(attaches) hghtly to pmculate matter by elecaostatlc attraction. The majmty of plutomum 

occumng m aqutous enmnments wdl be adsorbed onto suspended soh& m the water, whch 
settle out 111 impoundments such as Sites 200-202 to form bottom serllments. Although the 
presence rn the enmnment  of complemg agents such as hurmc acld may cause mcreased 
solubdizahon of plummum, solubhatlon wdl be d under the con&oons generally found 
111 the natural enmnment  and plutomum wdl r e m  assmated mth the sohd phase (EPA, 

1990b) 
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Based upon the conceptuahzahon of plutomum chermstry 111 the enmnment presented above, 

nearly all of the piutomum m sites 200-202 is expected to be adsorbed to clay m bottom 0 
I sdments 

Western Reservoir and Standley Lake occurs 111 &ShnCt sedment honzons m each reservou The 
highest plutomum concentrahons appear to enst m the deepest areas of the reservom 

Stu&es cited 111 Sectlons 2 1 3 and 2 2 2 have mdxated that the plutomum m Great 

Verhcal profdes of the plutomum-beanng hmzons developed Erom sedunent cores have also 
shown that the hmmns 111 each reservor have been buned to varymg depths by subsequent 

SedImentahon. The four corcs collected d m g  the most recent Great Western Rcscrvou study, 
by Rockwell Intemahond 111 1983 (Appenduc D, Document D-9) showed between 3-9 m (7 5-23 

cm) of sdmen t  overlymg the plutomum-beanng layer The depth of bund m two cores 

collected in 1984 by Rockwell Internahonal from Standley Lake (Appenduc D, Document D-10) 

ranged from 63-87 m (16-22 cm) These cores were collected from deeper mas of the 
reservous, where greater sedunentabon rates occur and the lughest plutomum concentraaons have 

been found to exist. Based on calculated s e h n t a t t o n  rates for the reservom, whch range froln 
0 1 idyr (0 25 cdyr)  in shallow, near-shore m a s  to 1 4 dyr (3 6 cdyr)  m deeper mas, it can 
be inferred that the plutomum-beanng hmzons m each rescrvou potenoally have been covered 
by an addmond 0 7 in (1 8 cm) of sedunent rn shallow areas and an adchhonal9 8 111 (25 cm) 

of sedunent m deeper areas m the apprownately seven years smce the Rockwell Internahonal 

studes were conducted. 

, 

3 12 Sdment  and Water Charactensac% 

In stagnant impoundments such as holdmg ponds and reservom, suspended soh& gradually settle 
out of water to form bottom sedments It has been shown that clay-nch sedunents, such as those 

m Sites 200-202, have an extremely lugh affmty for plutomum, effecovely Immobhzmg it m 
the sedunent (CSU, 1974). W e  it is possible that elevated concentraoons of complexmg agents 

combmed wth a relatlvely hgh percolatlon rate through the sediments mght mobdm the 

plutomum, no evldence of plutomum rmgraoon 111 the sedtments has been detected W E ,  1980) 

Surface water typically is charactenzed by oxldmng conchoons Density Stfatficahon of lake 

waters m summer, however, can result m a reduclng enwonment m deeper water Under 
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reducing condrttons, the drstnbuhon coeffiaent of plutomum, wbch is the ratto of concentrations 

1I1 sod (or s h e n t )  to concenmtlons m water, may be three- to ten-fold lower than under 

typical mervon CondIhons, m e w g  that plutomum moblllty may mcrease shghtly The 

magnitude of t h s  mcrease is not si@icant, however, m terms of overall plutomum mobhty 
(ANL, 1986) 

' 0 

3 2 RELEASE MECHANISMS AND TRANSPORT MEDIA 
As shown m Figue 3-2, potentlal release mechmsms and transport h a  can combme rn a 
vanety of ways to transport contammahon from the feservous to human and other biotlc 
receptors These release mechmsms and transport me&a are potenhal, and then ldenhficahon 

is not meant to unply that they wril occur or be signrficant at the reservous The contarmnant 
source charactenzed m the precedmg sectlon is a serm-consohdated mass buned rn the stdlment 
of each reservon, and is m fact not expected to be readdy avadable for release mto the 

envlronment by any of the mechmsms descnbed below Probabhtles of occurrence ate 

hscussed m Secnon 4 0 

3 2 1 Plutonium Fate and Mobihtv m Surface Water 
There are five oxldatton states of plutomum (Pu) 111 aqueous soluhons P u o ,  P u o ,  pU(V), 

Pu(VI), and Pu(VII). As dtscussed m Secaon 3 1 1, the P u o  oxldahon state (1.e , plummum 
hydroxide) is the most stable under the omdrpng and near-neutral condrnons typical of surface 
water (DOE, 1991b) 

Plutonium hydroxlde is extremely msoluble in water, but can nonetheless undergo very h t e d  

drSSOlUhOn 111 the pH range of enwonmental mterest The sohd phase of plutomum hydromde 

is a colloidal polymer of neutral or positwe charge. Pu(V) and Pu(VI) can mmst as ions wth 

the polymer (DOE, 1991b). Such colloids can c o n m  from 106-1010 atoms of plutomum 

(Andelman and Rozzell, 1970) Increasmg pH tends to reduce the charge density of the polymer, 

and at pW9, it is expected that the colloids become negatLVely charged, decreasmg then affhuty 

for pmculates and thus rncreasmg their mobhty m surface water (Roxburgh, 1987, DOE, 
1991b) Plutomum solublltty and subsequent mobfity may also mcrease m the presence of 

drssolved orgmc matter, carbonate, flumdes, nitrates, chlondes, or other complexmg agents m 
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the water (Allard and Rydberg, 1983) There is no ew&nce, however, that thls process is 
occumng UI the nservom The depths at whch concentraaons of plutomum decrease to 

background levels m the sedunent columns of Standley Lake and Great Western ReservoE have 

remaned constant m the perrods between stucfies conducted to date when subsequent 

se&mentaaon is taken mto account (see Appenh D) 

Resuspension of plutomum from bottom sedments is possible by processes whlch d u m b  the 
sehments ( e g ,  burrowmg orgmsms, hgh runoff, or wave acnon m shallow areas) The 

resuspended sedments wdl eventually settle back out, and agam become part of the bottom 
sdments 

3 2 2 Plutonium Fate and Mobdm 111 Au 
As mdxated 111 Figure 3-2, exposed sedunents m near-shore areas of the ~ ~ S ~ T V O K  may be 

susceptlble to resuspension by md. This resuspension may be ampwied by cfisturbance (e g , 
vehlcular traffic) Once resuspended m as, paracles can move long &stances &pendmg upon 

wmd velocity and turbulence Smaller dtameter pmcles wdl be camed farther, theRfore, the 

size of sedlment wth which plutomum is assoctated is cnhcd Numerous studes at the RFF 

have focused on plutomum associaaon wth size fracaons of sod parhcles and have detemned 

representahve percentages of resplrable plutomum-contammated sod parhcles in as (McDowell 
and Whicker, 1978; Whicker et al, 1974), but the conelatton of these studies to xeservolr 

se&ments is unknown Sedunent size charactenzatlon wll be conducted as part of scheduled 
RFURI aChvlheS for Sites 200-202 

0 

3 2 3 Plutonium Fate and Mobdm in Ground Water 
As ducussed m Secaon 3 2 1, no evidence has been observed m Gnat Western Reservolr OT 

Standley Lake of solublltzahon and leachmg of plutomum downward 111 the sedunent column 

towards the ground water table Thls lack of mobhty xesults pnmanly from the strong tendency 

of plutonium to adsorb to clay m the s e h e n t s  

The mgratlon of plutomum ions m ground water is retarded due to conmuous drstnbubon of 
plutomum between sod and water phases The dlstnbutlon coeffiaent (Icd), whch q u a n ~ e s  the 

RFPapr2OO r 46 061291 



tendency to be adsorbed onto a sohd pamcle relative to nmamng &ssolved, for plutomum is 
103-l@ (Allard and Rydberg, 1983). The EPA (199Ob) gwes a &stnbution coefficient of 2x103 

for plutomum, Plutomum would not be expected to mgrate readdy m ground water wth such 
high K,, values Furthemore, plutomum wdl tend to remam adsorbed to sohd parhcles at pH 
values between 3 and 9 (Roxburgh, 1987) However, it has been shown that plutomum (and 
amencium) bound to colloidal parhcles m ground water may be unaffected by the forces that act 

to retard ther movement through ground water and may mgrate &stances far beyond those 

expected from I<d values alone (Penrose et al , 1990) The Penrose study descnbes dlssolved 

plutomum and amencium from a mated aqueous effluent mgramg through a shallow allumal 
aquifer denved from volcamc tuff The mmeralogy of thls aqufer is not dembed, but fine- 

grand matenal descnbed as silty clay may, m fact, be zwlm (hydrated alummoshcate 
mnerals) The plutomum source, mode of transport, depositional mechamsm, and aqmfer 

enwonment are potentially very Mferent than the reservor enmnment at sites 200-202 
Indeed, the Penrose study caubons agamst extrapolatmg the results to C l s s d a r  enmnments 

and COn&hOnS wthout careful site-spec& study, The vertical dlstnbuaon of plutomum m the 
reservor sedments and, If appropnate, the ground water enmnment at the mmvom wdl be 
studed dunng scheduled Rl?I/RI actimties at Sites 200-202 

0 
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4.0 PRELIMINARY HUMAN HEALTH RISK ASSESSMENT 

Sectlon 300 430(d) of the NCP (Federal Reaster March 8, 1990, pg 8709) states that as part of 

the remehal inveshgatIon, a Basehne a s k  Assessment (BRA) is to be conducted to detemne 
whether the contarmnants of concern idenafied at the site pose a current or potenhd nsk to 
human health and the enwonment in the absence of remdal acaon For purposes of h s  report, 

Table 5 of the IAG Scope of Work mOdlfies this objectlve for OU 3 by hrmMg the nsk 

assessment to human health concerns based on a no-achon alternahve A complete qUanhtahVe 
nsk assessment wdl be performed as part of the scheduled OU 3 FWRI actlvihes The 
following dsscusses the general aspects of a BRA, and the spedic Mferences of thls prelmary 

assessment. 

4 1 BASIS AND PURPOSE OF THE BRA AND THE PRELIMINARY HUMAN HEALTH 

The major objective of a BRA is to idenhfy and defme (quanhfy) potenual human health nsks 

and potential envlronmental unpacts associated wth exposure to the consutuents present m the 

vanous envlronmental site m d a  The assessment is not mtended to eshmate the true nsks to 

which human or enwonmental populahons wdl be subject, rather it presents upper bound 
eShmateS of these nsks to be used in the remdal decision-makmg process The true nsks are 

llkely to be much lower than thelr upper bound values It is used as mput mto the Feasibhty 

Study (FS) to focus on the most appropnate remehes (if any), which reduce idenflied nsks (If 

any) to acceptable levels The BRA essenaally establishes the site baselme con&hons from 

which a selecaon of the most appropnate type and extent of correchve actlons (lf any are needed) 

can be made 

RISK ASSESSMENT 

0 

BRA Obiectlves 

In general, the major objectrve of the BRA is attamed by idenhfpg and charactenmg the 

following 

9 Toxicity and quanhty of hazardous substances present in each m d a  of concern 

Enwonmental fate and transport mechanisms w i w  specific enwonmental meha, such 
as physical, chemcal, and biologxal degradauon processes 
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Hydrogeologcal, mborne, surface water, and biota evaluaaon and assessment 

Potenaal exposure pathways and extent of actual or expected exposure 

Populatlon at nsk 

Extent of expected harm and the hkelhood of such harm o c c m g  

Companson of predrcted intake rates with acceptable levels of exposure based on 
regulatory and toxicologcal informaaon 

Development of a site-specific model that wll provide a CdCUlahOn of nsk, gven site- 
specific parameters 

At most facdiaes, the pnnciple data source document for conducang the BRA is the F@I or the 

RI report These will be referred to as an RFI/RI report for purposes of 0 U No. 3 &scussions 

These include general site charactenzatlon mfonnaaon, chermcal analybcal mformaaon, and a 

detaded descnpaon of the hydrogeolopcal regme and predcaons of groundwater flow and 

contarmnant transport mechmsms The charactenzatlon of site-specsic parameters such as 

mborne contarmnant concentraaons, types and dutnbuaon of biota, occmnce of surface warn, 
and soil contarmnant concentraaons are also performed dunng an RFI/RI The BRA presents the 

data collected dunng these mvestlgaaons m the context of potenaal human and enwonmental 

exposure and focuses on the most toxlc of the site cohtarmnants The human health aspects of 

the BRA uses the data and the charactenzaaon of the site and contamant dwnbuaon patterns 

for all envvonmental m d a  by remterpreang them in the context of potenaally complete 

exposure pathways leadmg to human receptors, wth one added dunension, namely focusmg on 

the toxic consatuents The followmg Qscussions focus on the human health aspects of a nsk 
assessment. 

Once all potenbal exposure pathways have been evaluated the carcmogemc nsk calculaaons from 

each are summed to produce a total nsk posed to humans from the contammarits located on-site 
This value is then compared to the EPA target carcmogemc nsk range of 10" to 10 The EPA 

does not requm the complete ellrmnaaon of nsk or of all known or anacipated adverse effects, 

rather it requlres protecaon of human health and the enmment.  Appendces B and C of this 

report provide addmonal informaaon concernmg the concepts of nsk a 
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In 40 Code of Federal Regula3ons (CFR) SeChOn 300 430(e)(2)(i)(A)(2) the EPA states that "For 
known or suspected carcinogens, acceptable exposure levels are generally concentrahon levels 
that represent an excess upper-bound hfeame cancer nsk to an mdmdual of between 104 and 
10 6, using informahon on the relatlonshp between dose and response Furthermore, the EPA 
has stated in this S X h O n  that the lo6 nsk level shall be used as the point of departure for 
deterrmning remedlahon goals for alternames when ARARs are not avadable or are not 
sufficiently prOteChVe because of the presence of mulhple contarmnants at a site or mulhple 
pathways of exposure, however, this 106 cumulahve nsk level is to be used only as a stamng 

point, and does not reflect a presumphon that the final decision on remedzal achon should attam 
such a nsk level It is possible that gven site-speclfic parameters, a calculabon that results m 
a cumulatwe total nsk level of lo4 to the public could shll be protechve of human health, thus 
elirmnating the need for remechal acbon 

' a  

Ouahtative Risk Assessment Obiecbves 

Unfortunately, none of the above issues can be quanhfied m this document due to the type of 

histoncal data avalable for Sites 200-202 Appendm A of this document presents a data 

useabihty rewew of exlsnng documents to evaluate theu apphcab&ty for use m nsk assessment, 
and concludes that the avadable data are not adequate to perform a defensible quanhtahve nsk 

assessment. A quanhtahve nsk assessment wdl, however, be performed based on EPA pdance 
(EPA, 1989) as part of the remdal  mveshgahon report 

0 

Since the requvements of the IAG must shll be met, and a qUantItahVe human health nsk 

assessment cannot be performed wth exlshng data, a qualitatwe human health nsk assessment 
for Sites 200-202 is presented 111 h s  wQon The objechves of h s  quditahve assessment are 

to idenbfy all  potenha1 exposure pathways whch wdl be evaluated m the RFI/RI, to dlscuss the 
relative signficance of each pathway by using exlshng informahon to make quahtahve 

judgements, and to identlfy &bond informabon whch wdl be needed to perform a quanhtatlve 

assessment. The quditabve assessment pre$ented m this report uses the exlshng lnfOrInahOn to 

make judgements concernmg the potenhal exposure pathways and to idenhfy the plausible 

exposure pathways and qualitatwe nsks which are apphcable to the no acbon dternahve for the 
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reservom These judgements are not used, however, to elimmate potenhd exposure pathways 
from evaluaaon dunng the scheduled RFI/RI acamaes ' 0 
The qualitaave nsk evaluauon (based on exlsang informaaon) for the no achon alternaave is 
based on the current uses of the reservom In order to provide some estunate of whether there 
is any immment threat to human health, a hypothetxal (genenc) nsk assessment has also been 
provided that uses genenc exposure pathway assumpaons based on future reservon use 

condmons This genenc nsk assessment does have hmtahOnS m that only plutomum is assessed 
This assessment is provided in Appendlx C, and mcludes discussions of the relaave Mference 
in nsk based on plutomum concentraaons in exposed or resuspended sedments of 0 01 pCdg, 

0 1 pCs/g, 1 pCdg, and 10 pCdg The reader may compare the Cdcdahons for each pathway to 
assess if there is agreement between the quahtaave desmpaon of nsk from each pathway wth 
the nsk calculated for that pathway m Appendut C 

All of the data reviewed (see Sechon 6 0, Appendices A and C for a list of references) mdxate 

that raQonuclides in reservolr and stream sedments are the only contamiants of concern at 

Sites 200-202 which can be attnbuted to RFP histoncal releases A more comprehensive 
assesment of potenaal chermcals of concern wdl be performed dunng RFVRI acamhes Some 

meQa specific analyses of plutomum and other rdonuchdes present at the RFP, such as 

amencium-241 and Hydrogen-3, have been performed at Great Western Reservon and Standley 
Lake (Appenkx D, Document D-5) However, only plutomum wll be addressed specfically m 

this quditahve nsk assessment and m the genenc nsk assessment (Appenhx C), smce the 

POtenhd exposure pathways for the rdonuclides of concern are sunrlar (although signficance 

may vary), and si&icantly more data would be needed to quantmavely address the nsks of 
these other ra&onuchdes A more comprehensive assessment of all  contarmnants of concern and 

of the potenhd exposure pathways will be performed d u n g  the scheduled RFVRI acawhes 

0 

4 2 QUALITATIVE ASSESSMENT CONCEPTUAL APPROACH 

Since there is no exishng RFI/RI document, this quahave  nsk assessment uses hazard ranlangs 

(Sechons 4 5 1 and 4 7 1) instead of plutonium concentraaon values, transport equaaons and 

receptor dose calculations to make judgements concemmg relative magnitude of specfic media 
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occurrence, release probabihhes, potenhd routes of uptake and the uhmate impact on a human 

receptor As lscussed, a genenc quanutatwe nsk assessment is also mcluded in Appenlx Cy 

so that the relahve magnitude of the quahove hazard ranlung can be compared wth the 

numencal magnitude of the exposure pathway analysis provided in Appendw C 

The EPA Risk Assessment Guidance (RAG) document states that a completed exposure pathway 

must have the following four elements (EPA, 1989) 

A source and mechanism of chemcal release to the environment 

An envlronmental transport medlum for the released chermcal (my ground water, etc ) 

A point of potenaal human or biota contact wth the contammated medlum (exposure 
point) 

A mode of uptake at the exposure pomt (mgesaon, inhalaoon, or dermal contact) 

If any of these elements a absent, there is no resultant human exposure and consequently no 
nsk For the purposes of this assessment, the term completed exposure pathway wdl be used 

only when all four of these elements are present 

The quaiitahve nsk assessment presented in th~s report has been developed as follows 

Toxicitv Assessment (Secaon 4 3) 

The human health nsks associated wth radraoon exposure are bnefly descnbed, wth emphasis 

on exposure to plutonium, A more ngorous toxlcity assessment WIU be performed as part of the 

scheduled RFI/RI acavmes, once adequate site-spec& data have been collected 

Source Term (Sechon 4 4) 

The source term descnbes the amount and dutnbuoon of contarmnant (plutomum) found m the 

reservolrs For Sites 200-202, the source term corresponds to plutomum concentraoons m the 

reservolr sdments The concentrahon of plutomum m the sediments, and the depths at whxh 

it is found, affects the maptude of any release mto other medla A more comprehensive 
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charactenzahon of the extent and magnitude of all contarmnants of concern will be performed 

as part of the scheduled RFVRI achvihes 

Potenhal EXDOSUE Pathwavs (Sechon 4 5) 

POtenhd exposure pathways for Sites 200-202 are idenhfied based on hstoncal informahon, and 

site and contarmnant charactemhcs The relahve mportance of any mdwidual potenhd exposure 

pathway is then assessed by estunahng the maptude of potenhal exposure, the frequency and 

duraaon of these exposures, and the me&a-specfic pathways by whch humans are POtenhdY 

exposed The magnitudes of potenhal exposures are based upon the sedunent contarmnahon 

being a contarmnahon source for other medla Medla-specfic pathways for the current resewow 

use condmon (descnbed 111 Sechon 2 0) are qU&tahVely assessed m this sechon for theu relahve 

importance to exposure routes leadmg to human uptake 

ExDosure Routes (Mode of UDtakel (&Chon 4 6) 

The vmous routes of plutonium uptake by humans and other organisms unportant to human 

exposure are idenhfied and ranked by relahve unportance to the nsk assessment The nsks 
associated with potenhd pomts of human contact are qU&tahVely assessed based on all  identrfied 

exposure pathways A deScXIphOn of the behavlor of plutomum in biologlcal systems is included 

in this sechon Exposure routes for the current land use condmon are quahtaavely assessed m 
this SeChOn for thelr relahve unportance to the nsk charactenzahon It is recogtllzed that the 

ranlung of the exposure routes is highly dependent upon the contamtnants of concern, and that 

the ranlungs developed 111 the quanntahve nsk assessment (based on more site-specrfic data) may 

vary from those presented m thls report. 

Risk Charactenzahon (Secaon 4 7 )  

The elements developed in precedmg secuons are combmed mto a site-specrfic nsk 
charactenzahon, which evaluates the concentrabon of plutonium 111 each m d a ,  its Itkefiood for 

transport to other m d a ,  and its hkehhood to unpact a human receptor based on current land use 

con&hons The potenhd exposure pathways are systemahcdy examtned, and those whch do 
not meet the cntena of a completed exposure pathway based on current reservow use COndmOnS 

(using exishng mformahon) are e b a t e d  from the nsk assessment. Agam, the ebmahon of m 
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pathways from this qualitah% nsk assessment does not elmmate these pathways from being 
evaluated dunng the scheduled RFVRI aChViheS a 
4 3 TOXICITY ASSESSMENT 
The purpose of a toxicity assessment is to weigh avdable evidence x e g d n g  the potenhal for 

parucular contammants to cause adverse effects in exposed indnuduals and to prowde, where 

possible, an eshmate of the relabonshlp between the extent of exposure to a contamant and the 

increased likelihood and/or seventy of adverse effects A toxlcity assessment is rather 
smghtforward for rdonuclides, smce the type of effects and the hkehhood of occurrence of 

any one of the number of possible adverse effects from rdahon exposure depends on the 

radIahon dose The following provides a summary of human and expenmental d data that 

establishes the hazards of radIahon exposure 

4 3 1 Hazard Idenflicahon 

The foundahon of any nsk assessment is that two condlhons must be met for a nsk to be present 

1) a hazard (presence of a toxlc substance at a concentraaon where exposure can result in a 

toxicologmlly sigIllficant dose) must be present, and, 2) exposure (of a receptor) to that hazard 

must occur If either factor is absent, the hazard or the exposure, there is no nsk In smple 

mathemahcal terms, the nsk is equal to the potency (a measure of the hazard) tunes the effechve 

dose (a measure of the exposure) 

Hazards associated wth chemcals am descnbcd toxicologcally in terms of exposure mode and 

durauon Modes of enwonmental exposure are charactenzed as mhalahon, mgeshon, and d n c t  

contact (dermal absorptlon). 

In addmon to these exposure categones, health effects are dlwded mto two mam categones 

health consequences that may occur at any exposure level greater than zero (carcmogemcity), and 

health effects whch wdl not be elicited unless the conshtuent concentrahon is above some 

threshold level (non-carcinogens) For these sites it is assumed that the donuchde 

concentraaons present wdl pose a potenhd of only a carcinogenic hazard to the pubhc as stated 
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I by EPA, and may be used as the sole basis for assessing the rdabon  related to human health 
nsk at Sites 200-202 (EPA, 1989) 

Because carcinogenic effects are believed to be iniuated at the molecular level, current regulatory 
policy is based on the concept that there is no finite dose or threshold below whch carcinogens 
do not exert a potential effect In the case of chemcals exhibitmg non-camnogenic effects, it 
is believed that organisms have protecuve mechanisms that must be overcome before the toxlc 
endpoint is manifested 

In detemning health nsks associated with chromc exposure to toxic matenals, two categones 

based on the nature of the health consequences exlst. For all health effects associated with 

chronic exposure to non-carcinogenic toxic matenals there is some threshold concentraQon below 
which the impact WIU not occur; however, there is no threshold concentraaon for carcmogemc 

toxlc COnShtuentS Matenals that are carcmogemc may also mduce other health effects whch 

occur at a lower concentraaon 

In order to evaluate the potenhd nsks posed by plutonium, it is important to understand the 
toxlcity hazards of radIahon for Mferent exposure routes, Radauon is defined as the transfer 

of energy from one place to another Heat, sound, and light are radIahOn but do not carry 
enough energy to break the atomc bonds of molecules, however, ionimg radlahon, when 

interacung with matter, has sufficient energy to break the atomc bonds of molecules, and 
produce (emt) an ejected electron and a posihvely charged ion Ioninng r d a a o n  may be ln the 

form of pmcles or electromagneac waves 

0 

The pnncipal adverse biologxal effects associated with iommg rachahOn exposures from 
raloacuve substances in the enwonment are carcinogenicity, mutagemcity, and teratogemcity 

Carcinogenicity is the ablllty to produce cancer Mutagemcity is the property of bang able to 

induce genehc mutaaon, which may be in the nucleus of either somahc (body) or germ 

(reprodUChVe) cells Mutahons in germ cells lead to genehC or inhented defects Teratogemcity 

refers to the ability of an agent to induce or increase the lncidence of congemtal malformauons 

as a result of permanent structural or funcaonal deviatlons produced d m g  the growth and a 
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development of an embryo (more commonly referred to as bmh defects) Rdation may induce 
other deletenous effects at acute doses above about 100 rem, but doses of b s  magrutude are not 

normally associated with radoacave contarmnaaon in the enwonment. 
0 

Ionizing radauon causes injury by brealung molecules mto elecmcally charged fragments 

(1 e ,  free rdcals), thereby producing chemcal rearrangements that may lead to permanent 
cellular damage. The degree of biologcal damage caused by vmous types of ra&aaon vanes 
accodng to how spatially close together the iomzaaons occur Iomzmg radlaaon from 
plutonium (e g , alpha parhcles) produces h g h  density regons of iomzauon For thu reason, they 

are called high-LET (hear energy transfer) paracles Other types of rdauon (e g , x-rays, 

gamma rays, and beta pmcles) are called low-LET d a h o n s  because of the low density pattern 

of ionlzahon they produce In equal doses, the carcinogemcity and mutagemcity of hgh-LET 

rabanons may be an order of magnitude or more greater than those of low-LET rdaaons, 

dependng on the endpomt bemg evaluated The vanabllity m biologcal effecaveness is 

accounted for by the quality factor used to calculate the dose equivalent Th~s vanabhty has 

been accounted for m the genenc nsk assessment developed in Appen&x C 

4.3 2 Carcinogenesis 

An extensive body of hterature exlsts on rdaaon carcmogenesis m man and anmals This 

literature has been renewed most recently by the Umted Nations ScienMic Comrmttee on the 

Effects of Atomc Rdahon (UNSCEAR) and the Nauonal Academy of Sciences Adnsory 
Comrmttee on the Biologcal Effects of Ionmng Rdaaons (NAS-BEIR Comrmttee) (UNSCEAR, 

1977, 1982, 1988, NAS, 1972, 1980, 1988) Eshmates of the average nsk of fatal cancer from 

low-LET rachauon from these stuches range from approxlmately 0 007 to 0 07 fatal cancers per 
100 rem 

An increase in cancer incidence or mortahty wth increasing rdahon dose has been 

demonstrated for many types of cancer in both human populahons and laboratory d s  

(UNSCEAR, 1982, 1988, NAS, 1980,1988) Stubes of humans exposed to mternal or external 

sources of ionivng rdauon have shown that the incidence of cancer mcreases wth mcreased 

rabauon exposure ' h s  mcreased incidence, however, is usually associated wth appreciably 
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greater doses and exposure frequencies than those encountered in the enmronment Therefore, 
nsk eshmates from small doses obmned over long penods of ume are detemmed by 

extrapokihng the effects observed at high, acute doses Mahgnant tumors m vmous organs most 
often appear long after the r d a h o n  exposure, usually 10 to 35 years later (NAS, 1980, 1988, 

UNSCEAR, 1982, 1988) Rdonuclide metabohsm can result in the selecuve deposiuon of I 

certam radonuclides in specific organs or nssues, which, in turn, can result in larger radanon 

doses and higher-than-normal cancer nsk ln these organs 
, 

Ioniwng rabahon can be considered pancarcinogemc, i e , it acts as a complete carclnogen m that 
it serves as both iniuator and promoter, and it can mduce cancers m nearly any hssue or organ 
Radauon-induced cancers in humans have been reported m the thyroid, female breast, lung, bone 
marrow (leukema), stomach, liver, large inteshne, bram, salivary glands, bone, esophagus, small 

inteshne, unnary bladder, pancreas, rectum, lymphahc hSSUeS, s h ,  pharynx, uterus, ovary, 
mucosa of cranial sinuses, and kdney (UNSCEAR, 1977, 1982,1988, NAS, 1972,1980, 1988) 

These data are taken pnmanly from stubes of human populahons exposed to hlgh levels of 

radahon, includng atomc bomb survivors, underground mners, d u m  &al psunters, pahents 
injected with thorotrast or r d u m ,  and pahents who received hgh x-ray doses dunng vanous 
treatment programs Extrapolahon of these data to the much lower doses that the pubhc would 

be exposed to at Sites 200-202 is the major source of u n c e m t y  in detemning low-level 

rabahon nsks (see EPA, 1989a) It is assumed that no lower threshold exlsts for radtahon 

carcinogenesis 

On average, appromtely 50 percent of all of the cancers mduced by d a t i o n  are lethal The 

frachon of fatal cancers is Mferent for each type of cancer, rangmg from about 10 percent m the 
case of thyroid cancer to 100 percent m the case of liver cancer (NAS, 1980, 1988) Females 

have approximately two times as many total cancers as fatal cancers followmg radIahon exposure, 

and males have approxlmately 1 5 ames as many (NAS, 1980) 

Cancer slope factors (CSF) for the ingesoon and inhalahon of rdonuchdes lrkely to be found 

at Sites 200-202 are presented in Table B 1 CSFs are eshmated wth mathemaacal extrapolatlon 

models, which extrapolate the effects (cancer-induchon) seen at high doses to potenoal effects 
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at low doses The CSFs for rdonuchdes are considered "best eshmates," whde slope factors 

for chemcals are computed at the 95 percent confidence level Thls method for determmng nsk 
will be used for any sigmficant exposure to a rachonuchde 

4 3 3 Mutapenesis 

Very few quantltauve data are avadable on rdogenic mutaoons in humans, parhcularly from 

low-dose exposures Some mutatlons are so mdd they are not noaceable, whlle other mutageruc 
effects that do occur are simlar to nonmutagemc effects and are therefore not necessanly 

recorded as mutaaons The bulk of data supporhng the mutagenic character of ionizlng radlahon 

comes from extensive stuches of experunental anunals (UNSCEAR, 1977, 1982, 1988, NAS, 

1972, 1980, 1988) These stuQes have demonstrated all forms of racbaaon mutagenesis, 

incluchng lethal mutaoons, translocaoons, mversions, nonchsjunctlon, and pomt mutaaons 

Mutauon rates calculated from these stuches are extrapolated to humans and form the basu for 
estlmating the genetic mpact of ionivng IadIahOn on humans (NAS, 1980, 1988 WSCEAR, 

1982, 1988) The vast majonty of the demonstrated mutatlons in human germ cells contnbute 

to both increased mortality and illness (NAS, 1980, UNSCEAR, 1982) Moreover, the radlaaon 

protection community is generally in agreement that the probabhty of lnduclng geneac changes 
increases linearly with dose and that no "threshold" dose is requved to maate hentable damage 

to germ cells 

The incidence of senous geneac Qsease due to mutaoons and chromosome aberraaons mduced 

by raQatlon is referred to as genetlc detnment Senous geneac chsease mcludes inhented 111 
health, hanchcaps, or Qsabditles Geneoc dlsease may be manlfest at buth or may not become 

evident unhl some hme m adulthood Radlahon-mduced genehc detnment mcludes mpaument 

of Me, shortened Me span, and increased hospitahzaaon The frequency of rdaaon-mduced 

geneac impment is relahvely small m companson wth the maptude of detnment associated 

with spontaneously ansmg geneac dlseases (UNSCEAR, 1982, 1988) 

4 3 4 Teratogenesis 

Radlaoon is a well-known teratogenic agent The developmg fetus is much more sensihve to 

rdatlon than the mother The age of the fetus at the tune of exposure is the most important e 
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factor in detemning the extent and type of damage from d a t i o n  The malformauons produced 

in the embryo depend on which cells, ussues, or organs 111 the fetus are most acuvely 

dlfferenaaung at the ame of radlauon exposure Embryos are rclaavely resistant to radlauon- 
induced teratogenic effects d m g  the later stages of then development and are most sensihve 

from just after implantauon untd the end of organogenesis (about two weeks to eight weeks after 
concepuon) (UNSCEAR, 1986, Brent, 1980) The brim appears to be most sensiave dunng 

development of the neuroblast (these cells eventually become the nerve cells) The greatest nsk 
of bran damage for the human fetus occurs at 8 to 15 weeks, which is the tlme the nervous 
system is undergoing the most rapid dIfferenaahon 

4 3 5  Summm 
In general, there are two dlstmct human hazards presented by rdahon, those of external and 

internal radraaon exposure External &ahon exposure is due mmly to gamma ray ermssions 

from radtoactive decay Although plutomum does produce x- and gamma rays, they are very 

weak and only compnse a small percentage of the total energy ermtted A companson of the wt 

nsk esumate values for external exposure versus internal exposure is pmwded m Table B 1, and 

indrcates that the inhalauon and ingesuon pathways produce the most sigmficant degree of nsk 
Therefore, this nsk assessment does not consider external r&auon exposure as a hazard from 

Sites 200-202 Plutonium does, however, present an internal radIahon hazard, pnmmly from 

inhalauon and mgesQon The inhalauon of plutomum can lead to the deposiUon and retenuon 
of radloacavity in the lung, and produce contmual, localized internal mdlauon of lung and other 

body tissues for extended penods of tlme D w t  ingesuon of contarmnated sod, and mgeshon 

of contarmnated foodstuffs is another pathway that can contnbute to depOSihOn and retenuon of 
radlonuchdes in the body 

The following summarizes the important properues of plutoniumz9 

Physical half-Me 2 44x10" years 
Sources used 111 nuclear weapons 
Pnncipal modes and energes of decay 111 d o n  electron volts (MeV) alpha 5 06 (1 1%) 
5 13 (17%) 5.15 (73%) 
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Special chemcal charactensacs member of the achnide senes of rare-earth elements 
Forms insoluble fluonde, hydroxides, and oxides Oxidlzes rapidly on exposure to an  to 
form plutonium &oxide (hod 

Cntical Organs bone and liver 

Atormc number 94 
Physical form silvery-white metal 
Melhng point 680°C 

Plutonium is pnmmly an alpha parhcle ermtter An alpha parhcle is essenhdy a hehum nucleus 

without orbital electrons It is composed of two protons and two neutrons wth a charge of plus 

two Smce these alpha parhcles have a Rlahvely large mass and +2 charge, they react strongly 
with matter, and create a large amount of iOniZahOn in a very short &stance However, even 

alpha parhcles with the high kmehc energles of plutomum travel only about 1 6 m (4 cm) 111 m, 

and can be stopped by a piece of paper, or the outermost layer of dead slan Alpha parhcles 

therefore do not present an external exposure hazard These same propertles do however produce 
much more cellular damage than an equivalent amount of gamma energy, If both alpha and 

gamma are internally deposited The range of penetrahon of a plutonium alpha parhcle m tlssue 

is approximately 100 mcrometers (um) (3 9x10 m), inhcatlng that an alpha pamcle rewed 
in the body will deposit 100 percent of its iomwng rdatlon to locallzed assue The concepts 

developed in this sechon descnbe the vmous ways plutonium can enter the body (exposure 

routes), and the relahve nsk of each mode of uptake For the purposes of h s  quahtahve nsk 

assessment as well as the genenc nsk assessment UI Appenduc C, it is assumed that the msoluble 

form of plutonium, plutomum &oxide (PuOJ, d be the predomant rdonuchde avadable for 
biologlcal uptake This assumphon is based on a vanety of stu&es (Eisenbud, 1987, BU, 1973, 

McClellan, 1972, Romney, 1972) that mdxate plutonium wlll oxldne in an enwonmental semng 
and thus form insoluble compounds, Although only the EPA Health Effects Assessment 

Summary Tables (HEAST) were used for this CpditahVe assessment, more sophshcated sources 

may be used dunng the quanhtatlve nsk assessment 

4 4 SOURCE TERM 
For purposes of this nsk assessment, the potenhal source term for Sites 200-202 is taken as the 
plutonium-contarmnated reservou/lake sehments withm the W e  Rservom The isotopic 
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I .  

composition of plutonium at the RFP is shown in Table 4 1 An examnahon of the avsulable 
data for Sites 200-202 has been performed and is presented rn Appendu A The exammaaon 
indlcates that in some cases, the quanutanon llrmts and detectlon h u t s  for plutomum were not 
included in the referenced documents It is believed that most of the published data have not 

been through a n@d quality assurance/quality control (QNQC) analysis It is also evident that 
sampling procedures for all meda have Mfered between vanous sampling agencies In addmon, 
there is some u n c e m t y  as to the extent of the plutomum contarmnahon Both the extent and 
the magnitude of the source term will be charactenzed dunng the RFURI achwhes Because of 
these uncertsunues, a numencal value cannot be assigned to the source term at Sites 200-202 wth 
any certamty Analysis of exismg data mhcate that the plutomum concentrations in sedunent 

average less than 0 5 pWg, and that the highest value measured was less than 5 pWg Tables 

2 1 and 2 2 summanze the ranges and averages of the data from the documents reviewed m 
Appendw A The reader may compare the values found m Tables 2 1 and 2 2 to the calculated 
nsk from exposure to 0 01,O 1, 1 0 and 10 pC&, found rn Appendut C and also compare these 
values to the exlstlng sod background level of plutomum found throughout the Umted States of 

0 2 pCdg (EPA, 1990) SeChOn 4 10 &scusses adddonal data needed for a rehable de temahon 

of Sites 200-202 source term to suppon a qUanhtaUVe nsk assessment 

4 5 POTENTIAL EXPOSURE PATHWAYS 

The idenhficahon and assessment of potenhal exposure pathways is accomphshed by 
charactenzmg the potennal contamnant release mechanisms whch may contnbute to a completed 
exposure pathway to human and envuonmental receptors The release mechanism analysis 

evaluates the possible mgrahon of the chemcals of concern, talung mto account thev physical 

and chemcal properhes that affect envmnmental fate m the vanous site medla Certam slte 

charactenshcs such as hydrogeology, meteorology, sod orgmc carbon, c h u t e ,  and vegetaave 
cover, etc may also have a significant influence on the mgraaon potenaal 

A prelimnary descnphon of the exposure pathway should answer the followmg queshons 

Where, when and how wll the release of the toxicant occur? 
What is in the immedate vicmity of the release? 
What is the quanbty, physical state, and chermcal idenbty of the released matenal? 
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TABLE 4.1 

ISOTOPIC COMPOSITION OF ROCKY FLATS PLUTONIUM 

11 Pu-242 I 0 03 I 000393 I - 

Source Rockwell, 1985b 

' Relaave acavity is obtalned by mulaplymg the percent by weight by the specific acamty 

Total acavity for the plutonium isotopes is 

Alpha 0 0732 cunes/gram 
Alpha plus Beta 0 446 cunes/gram 

Am-241 daughter from decay of Pu-241 
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Agam, an examnaaon of the data presented in Appenhx A concludes that the mformaaon 
necessary to perform a ngorous exposure pathway charactenzaaon was not contsuned m any of 

the exishng reports Although answers to the above queshons cannot be obmned from the 
existmg mformahon, it is possible to idenufy llkely site-specfic release mechanisms and transport 

medla based on the genenc nsk assessment presented in Appendlx C Charactenzaaon of all 

potenhd exposure pathways wll be performed dunng the RFI/RI actlvlaes 

4 5 1 Potenaal EXDOSUE Pathwavs at Sites 200-202 
Figure 3-2 idenhfies all of the vanous potenaal transport medla whch enst  at Sites 200-202, 

along with ther associated pnmary and secondary release mechamsms Secaon 3 0  also 

descnbes plutonium fate and mobihty in the enwonment, and concludes that for condmons at 

Sites 200-202, plutonium is highly insoluble in ground water and surface water, and bonds 
strongly to the bottom sehments As stated prevlously, a completed exposure pathway must enst 

for a hazard to be conveyed to the receptor Judgements based on existmg data mdlcate that 

many of the potenbal transport meha and release mechmsms idenhfied thus far do not form a 

completed pathway, and therefore do not pose a nsk to human health The only cmhble 
completed exposure pathway based on current land use for Sites 200-202 is shown m Figure 4- 1 

Although other pathways are addressed m this report (and will be charactenzed m the RFURI) 
they are not considered in the de t emahon  of qualitauve nsk It is possible that the mgesuon 
of contammated soils, and suspended plutomum sehments in water may promde a completed 
pathway, but as shown in Appendut C, ther contnbuhon is neghgble when compared to the nsk 

of inhalauon 

Pnmary and secondaxy release mechanisms for the current land use scenano are grouped wth  

transport medla (Table 42)  to detemne thev probab&ty of transporhng plutomum 111 the 

envlronment based on the following probabhty ranlang 

1 mrrh -- hstonc records or physical charactenstxs of Sites 200-202 mdcate that 
plutomum has a high probabihty of bemg released by this mechatusm or transported by 
this mecba 

2 Moderate -- a possibihty exists that plutonium may be released by thls mechamsm or 
transported by this medla (uborne, fuguve dust, surface runoff) 
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3 -- the ldcelihood is that this release mechanism or transport medla does not provide 
any signficant possibdity of release or transport in the envmnment (fughve dust) 

4 Nerrhnble -- a l l  histonc data and physical charactensucs of plutonium mchcate that thls 
is not a h b l e  release mechanism or transport pathway for plutonium (ground water, 
surface water, bioac uptake) 

The following secnons dlscuss some of the release mechamsms and transport medla m more 
detall 

4 5 1 1 Idenuficanon of Release Mechanisms 
The potenhal exposure pathways are idenhfied m the pathway analysis as shown m Figure 3-2 

The potentlal pnmary release mechanisms include 

Fugiuve dust (wmd erosion) 
Dlrect contact through recreanonal use 
Dmct fugiuve dust from sedments 

9 Wind stnppmg of water 
9 Reservou dscharge 

Dnnlung water wthdrawal 
Infdtrahon/percolauon 
Biohc uptake 

The potenhal secondary release mechanisms mclude 

Settled dust - plants 
Settled dust - soil (leadmg to possible avborne dust) 
Settled dust - water 
Biouc uptake of surface water 
Surface water deposihon 
Surface water ungahon 
Surface water infiltraaon 
Surface water evaporaaon/lowenng (leadmg to possible auborne sedunents) 
Ground water seepage 

9 Ground water pumpage 
Dnnlung water 
Precipitates from treatment plant 

4 5 1 2 Identificahon of TransIJoIt Meha 

A physical exammanon of Sites 200-202 and an histoncal review of the records for the site 

indlcate that the pnmary transport medu for plutonium is the fughve dust release from exposed 
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seQments Numerous possible pnmary release mechanisms are listed above, but it is the fugiave 
dust release mechanism that causes the greatest impact on the secondary transport medla of av 

Figure 4-1 does mchcate that there is also a potenaal for b e e t  sedlment ingesaon However, as 
shown in Appendx Cy the ingesaon pathway contnbuoon is negligble when compared to the 
inhalauon route Therefore it is concluded that fugitive dust causes the greatest potenaal human 

impact 

For Sites 200-202, the potenual secondary transport medla for plutonium mcludes surface water, 
groundwater, treatment plant effluent and precipitates, and biotlc uptake Figures 4-2 and 4-3 

provide some indxaaon of the populauons whch are downwnd of Sites 200-202, and which 

could potenaally be impacted by fUgItIVe dust releases The RFI/RI wdl address the populahons 
at nsk in detsul, 

The followmg dwussion provldes a more demled descnpaon of the vmous transport medla and 

release mechanisms which are of pnmary interest As has been stated, all  of the potenbal 

exposure pathways will be evaluated in the scheduled RFVRI acavlaes 0 
Soil Reentramment 
The general pnnciples of atmosphenc fate and mobllity of plutomum are descr~bed m 
Secaon 3 2 2 However, a further explanauon of atmosphenc transport parameters is offered m 
this secbon because inhalatlon and ingestlon of plutomum partxles from reentmned sedments 

is considered to be the most probable means of human exposure adjacent to Sites 200-202 The 

pnncipal mode of transport of plutonium pmcles is h c t  avborne movement from the 

Sites 200-202 exposed sedunents, either by uphft or parhcle Impact, or by resuspension of 

previously deposited small pmcles by wmd aChOn or other dmurbances @PA, 199Ob) 

Dlrect acbon of an moving past a pmcle may exert enough force to accelerate the pmcle, 

causing it to roll along the surface or to be lifted up and moved in the au stream A second 

mechanism of imbatmg pmcle  movement can also be iniuated through the Impact of d o m e  

pamcles with pmcles on the ground Parucles on a sohd surface which have chemcal and a 
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physical properties hfferent from the base matenal have adhesive contact to the substrate For 
resuspension to occur with this scenano, the force on the partlcle must be equal to or greater than 

the force holdlng the parhcle to the surface Several factors are known to &hence pmcle 
cohesion 

0 
parhcle matenal 

shape 
surface roughness 
relauve humrdlty of the ambient au 
presence of electrostahc charge 
nature and physical charactensucs of the substrate 

size 

The pnmary meteorologml factors which influence the suspension of matenal h m  ground 
deposits are wind and ground surface moisture The amount of matenal that can be cmed  m 
the au currents is dependent on the density, velocity, and wscosity of the auPmcles that are 

hslodged from the ground surface can then move in three ways suspension, saltahon, and 

surface creep Suspension occurs when upward wmd &es counteract free fall, allowmg 

transport of the particle at the average forward speed of the wnd. These pamcles are generally 

less than 0 05 rmlluneter (mm) m chameter and are redeposited ma ramout or gramty after the 
wind subsides Parucles between 0 05 mm and 1 0 mm m &meter move by a senes of short 
bounces called saltaaon Larger pmcles greater than 1 0 mm m dlameter can roll and/or shde 

along the surface in what is called surface creep P A ,  1990b) Pamcle movement 

predormnantly occurs by saltaoon 

For purposes of this qualitauve assessment, it is assumed that any free plutomum m the reservo= 
se&ments has been subject to weathenng and agmg Prewous RFP studles (Krey and Hardy, 

1970, Whicker et al ,1974) and general textbooks (Wick, 1967) support this statement concemg 

the weathenng of plutonium m the envmnment Addmonal studles are needed as part of the 

scheduled RFI/RI aChVlheS to venfy this assumpbon Among the parameters which most 

influence the movement of soil by wnd are the space and me vanahon of the sedment pamcle 

size dutnbunon Considenng the lack of data on plutomum dlstnbuhon 111 the reservou 

sdments, a comervatwe assumpuon for both the quditahve and genenc nsk assessment is that 

all surborne plutomum generated by exposed sedunents is of a resplrable pamcle size 
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The area of highest concentrahon of plutonium in Great Western Reservou and Standley Lake 

appears to be in the deep water areas where the greatest sdmentahon rate has occurred The 
areas of rmnunum plutonium concentrahons seems to be the shallow water and shorehe areas 
These shallow water and shorehne areas have the greatest potenhal to dry up and allow for 
potenoal reentramment of sedunents into the atmosphere There is httle doubt that fugIhVe dust 
is generated from the shorehne sdments at these reservom However, smce the plutoruum 
concentrahons in these areas are generally at or below CDH guidance concentrahons for surface 

sods, its nsk via the inhalahon pathway is judged to be mmmal Based on the mformahon 
presented m this document, the followmg statements can be made 

1 The 10CahOn of highest plutonium COnCentrahOnS tend to be m the deepest part of the 
reservous This conclusion may or may not be true for Mower Resewow 

2, The locahon of the lowest plutonium concentrahons tend to be along the shorehe and 
shallow water areas of the reservous These areas are the most llkely to be subject to 
drying and reentrment of sediments into the an 

3 Sedunent sampling results mQcate that a Qscrete contammanon layer eusts at both 
Great Western Reservorr and Standley Lake, but has been bund by subsequent 
SedmentahOn Samplmg results macated however, that there is plutomum located at 
the surface of the sedunent 

4 The plutonium is strongly bound to the sehments and wdl not easlly resolubdm 

5 It is possible that the reservou levels may drop, exposmg the deeper plutoniwn- 
contaming seQments to drying, however, in general, this exposed beach area would 
produce a crusty, plateldce surface whch would requlre pulvenzauon for the sedments 
to become arbome It is plausible that vehcular traffic could produce thls 
pulvenzahon If reservos levels re- low, long-term weathemg could also 
eventually provide means for reentramment 

Based on the current use of the reservom, the low concentrahons of plutoluum 111 the sedments, 
and its general lack of mobihty 111 the envwonment, it 1s judged that the nO-aChOn alternatwe for 

the se&ment-inhalaDon exposure pathway presents a low nsk to the pubhc 

Plutonium Uptake in the Food Cham 
I 

As descnbed in Sechon 3 0, plutonium forms dauvely insoluble compounds m the enmnment 

and is therefore not generally considered ecologxally mobile (Eisenbud, 1987) Smce plutoluum 
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has no known biological funchon, it can only be passively incorporated into orgamsms, manly 
by physical processes such as surface contact, mhalahon, and ingeshon of plutonium adsorbed 
to the surfaces of plants and zooplankton The genenc nsk assessment m Appenduc C does take 
into account food cham transfer and foliar deposihon of plutonium leadmg to human uptake The 
Standley Lake fish study (Appenhx D, Document D-11) in&cated that no bioconcentraaon and 
bioaccumulation is occwnng in fish species at the reservor 

a 

Ground Water and Surface Water 
With regard to water quality, the need for potenhd site remedIahon should be based largely on 
the evahahon of current and potenhd nsks to the pubhc who may use the surface or 
underground aquifer as a source of dnnlung water A key evaluahon cntenon m selectmg 

remda l  measures at Sites 200-202 should be the extent to whch dternahves mhgate off-site 

exposure via the ground water/surface water pathway if m fact exposm is occumng All data 

reviewed to this point mdxates that the ground water/surface water mteracbons m and around 

all three reservom should not result in any detectable amount of plummum in ground water 
This statement is based on histonc data from numerous RFP on-site wells wluch are located m 
areas of documented contarmnated pond leakage. With one excepuon, m no case has there been 
detectable concentraoons of plutonmm in ground water If no -act is seen m thls worst-case 

sltuahon it is highly unllkely that the reservou s d m e n t  lnteraChOnS wdl impact ground water 

This judgment will not be used to elirmnate potential exposure pathway from eVdUahOn dunng 
the scheduled RFURI achviaes 

a 

The surface water quahty momtonng results indxate that plutomum concenlrahons are far below 

regulatory limts for the reservom (Sechon 20) It is important to note that these measured 
concentratrons are just above the andyhCd detemon hmt, and well below the EPA or CDH nsk- 

based limts for m n g  water In the absence of site-specfic data (whch wdl be collected 

dunng the W), only a relahve measure of hypothehcal nsk may be dtscussed for the ground 

watedsurface water exposure pathway. Based on the 1nfOHnahOn presented m &IS document, the 
followmg conclusions can be drawn 

1 The sdments  in all three reservous conmbute little or no plutomum to the ground 
water/surface water 
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All samplmg data from the reservous incbcate that no bioaccumulahon of plutonium is 
occmng m water plants, phytoplankton or fish 

Plutonium rapidly and almost ureversibly attaches itself to clay sdments, and there is 
no evidence of post-deposiuonal rmgrauon of plutonium through the sedment. ' h s  
leads the conclusion that plutomum is not r e d l y  avadable for remmng 111 the water, 
even under lake turnover condmons, 

All surface water quality monitonng data for plutonium in and around the three 
reservous are well below CDH and EPA regulatory standards 

Most importantly for evaluaung receptor nsk, tap water samples were taken from the 
communiues that uhhze the reservom as a source of dnnlang water The results of th~s 
monitonng indcate concentrauons of plutonium 111 dnnlung water that are just above 
or below the analyucal detecuon limt, and well below CDH and EPA regulatory 
standards 

Based on these condmons, it is deterrmned that the no-acuon alternaave for the ground 

water/surface water pathway at reservous presents a neghgble hazard to the pubhc 

4 6 EXPOSURE ROUTES FOR CURRENT AND F'UTURE LAND USE CONDITIONS 
The thrw exposure routes (routes of entry) whch can lead to mternal d a u o n  exposure are 

mhalahon, ingesbon, and dermal contact The two pnmary exposure routes of plutomum uptake 

that could most Uely lead to internal rahabon exposure are the inhalaaon and ingesaon of 
rdoacuve matenals Dermal contact is not considered a significant exposure route (Secnon 4 3) 

The eshmauon of organ burden and exposure, as well as of the resulang dose rates and doses, 
due to uptake by these pathways is based on the use of mathemaacal models whch depend on 

many parameters Internaaonal Comrmssion on Rachauon Protecaon (ICRP) pubhcatlons ICRP 
30 (ICRP, 1988a), ICRP 31 (ICRP, 1980), and ICRP 48 (ICRP, 1988b) prowde the cntena 
necessary to calculate the comrmtted effecave dose equivalent for both occupauonal workers and 

the general public This secuon wlll show that the magmtude of the dermal contact/mgesbon 

pathway is insignificant when compared to inhalauon 

I 
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4 6  1 Inhalanon 

The inhalauon of an aerosol carrying ra&onuchdes is a potenual mechmsm for damage to the 
resplratory tract as well as a possible pathway for the translocatlon of mhaled rdoacave matenal 
to other reference organs The complexity of the biologcal phenomena whch govern 
transmssion and elimnauon of such matenal complicates the assessment of potentd health 
effects due to inhalauon of radIOaChVe matenal Factors which must be mcluded are 

0 

1 The fractlonal depositlon of inhaled matenal in the respnatory tract depends on 
propemes of the aerosol size and mass Qstnbuaon, chermcal form, and charge, as well 
as on the breathing rate and such physiologml charactenstux of the lung as its surface 
propemes and configuratlon For the purposes of thls qualitatlve nsk assessment, it is 
assumed that 100 percent of the plutonium m dust is avdable for uptake. 

2 The duratlon and extent of the exposure depends on the biologml and physical 
mechanisms which transport the deposited matenal and its decay products w i h  the 
body These lnclude the vanous clearance paths, the nuchde half-lives, the chemcal 
form, the solubility, and the degree of retenuon in each organ of mterest 

3 The dose depends on the durauon, of the actlvity of both parent and daughter 
radionuclides in the organ, the organ mass, the emtted energy of each nuchde, and the 

I fracuon of that energy absorbed by the organ tlssues 

The inhalauon mode of exposure has long been recopzed as bemg of major importance for 
0 

rahoactlve matenals The model used in Appendu C to calculate a genenc plutomum nsk 

assessment for current use indcates that for conservatwe assumpuons, the contnbuaon of the 

lnhalabon pathway compnses 97 percent of the total nsk Thls route provldes a dvect pathway 

for alpha pamcles to enter the sensitwe organ whch is the lung The lung is the organ of 
pnmary concern when assesmg the nsks from plutomwn m sod (EPA, 199Ob) 

When inhaled, plutonium is retsuned m the lung with an effectwe half-Me that vanes from 

hundreds of days for plutonium oxides (Y class) to tens of days for more soluble forms (W 

class) A significant porhon of the msoluble plutomum oxide that leaves the lung is translocated 
to the tracheobronchial lymph nodes Inhaled soluble plutomwn is translocated to the h e r  and 
skeleton where it is very strongly remned (Ban, 1973) "his is m contrast to the mgesbon 

pathway, where the gut wall acts as a bamer to plutonium absorbed by blood 
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Inhalatlon is the most common pathway by whch plutonium can cross the bat-ners of the body 

and penetrate into and across hvmg cells The aerodynmc pmcle size of the aerosol, whch 

accounts for not only the sizes of the pmcles but also the= density and shape, determrnes the 
fracbonal depositlon and sites of depositlon 111 the respuatoxy tract The bioavadabhty of 
plutonium adsorbed to paracles often depends on this aerodynarmc pmcle size Parhcles with 
a &meter greater than 5 mcrons usually become unbedded in the mucous of the pharynx, 

trachea, or bronchi The mucous is swept up the resplratoxy tract and swallowed Therefore, the 
residence hme of inhaled plutonium in the nasopharyngeal and tracheo-bronchial regrons is short. 

The absorphon efficiency of these large pmcles depends on the gastrointeshnal absorpbon 
efficiency, which is extremely low for plutonium (Sechon 4 6 2) Consequently, lnhaled pamcles 
that are subsequently mgested reduce the magmtude of the lnhalabon pathway The subsequent 
rates and routes of clearance, the transhcahon to, deposiaon m, and rate of clearance from other 

tlssues, and the excrebon in mne and feces of plutomum depend on parhcle size, solubhty, 

density, shape and other physicochemcal charactensacs of the plutomum aerosol The d a a o n  

dose delivered from an inhaled racbonuchde is a funchon of the transportabhty of the parhcular 
chemcal form from the lung to other organs of the body Chermcal forms of ra&onuch&s are 
classified as Class D, W, or Y from most transportable to least transportable, respecbvely The 
ICRP has determmed the solubhty class for vmous plutomum compounds (ICRP, 1988a) These 
are 

0 

@ 

Class D (days) - no plutonium compounds 
Class W (weeks) - all plutonium compounds except oxides 
Class Y (years) - oxides (hod 

Envmnmental sources and auborne releases of plutomum are ldcely to be m the oxide form 
(EPA, 1990b) Class Y plutomum refers to the solubhty and body retenQon of the mbonuchde 

This class is msoluble m the body and, if breathed m, tends to be retamed m the lungs for 
months to years As stated prewously, PuO, is considered to be msoluble m the body, and thus 

is classlfied as Class Y plutonium, 

4 6 2  Ingestion 

The ingesbon of racboacbve matenal (soil, water) represents another pathway by whch 
rachoactlvity may be transferred internally to blood and, subsequently, to other organs While 
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a descnphon of this pathway is simpler than for inhalabon, due to the b c t  deposibon of the 

ingested matenal mto the GI tract, evduahon of the balance of the biologcal-physical processes 

involved is affected by the same uncemnaes of biologcal parameters as were &scussed for the 
inhalation model In the ingesuon model the cnbcal transfer mechanism is the absorpaon of 
rahoactlve matenal into the systermc blood from the small intestme, however, the gastrointestmal 
tract provides a substantlal barner to the uptake of plutonium mgested wth food or water In 
adult animals less than 0 01 percent of ingested plutonium is absorbed from the intestmes (ICRP, 
1988b) Inhaled plutonium w11 also be cleared from the lungs to the gastromtestinal tract, so 

gastrointestmal absorpbon is a considerabon Values for the fracbon, fi (GI absorpbon factor), 
of ingested rad~oactlvity transferred to blood have been stuhed m mmals and to a h t e d  extent, 

are shll subject to large uncertiunues whlch strongly affect projected doses to the reference 

internal organ The ICRP lists an fl value of 1x10 ' for oxides of plutonium, an f, value of 1x104 
for nitrates of plutonium, and an fl value of lx103 for al l  other forms of plutomum (ICRP, 

1988a) This indxates that the ingested plutonium wll not easily transfer to other body 

compartments The HEAST values hsted in Table B 1 mdIcate that the EPA is usmg an f, value 
of 1 x lo4 for the oxldes of plutonium 

For the genenc nsk assessment (Appenh C), the ingesaon pathway becomes more signrficant, 

and in fact may conabute the greatest percentage of nsk "hs contnbubon is due to uthzmg 

reasonable maximum exposure scenanos concerning resuspension of plutomum znto the dmkmg 

water supply 

4 6 3 Dermal Contact 

Plutonium-239 and plutonium-240 are alpha emtters and hence only present a biologml hazard 

if they are transferred into a biologcal system, however, dermal absorpQon is not a major route 

of exposure @PA, 1990b) The dermal contact human transfer pathway for plutomum would 

involve slun contarmnatlon and subsequent transfer mto the body through an open wound or by 

ingesnon Unbroken slun has been shown to be an effectwe bamer to the penetrauon of 

plutonium, and dermal absorpbon coefficients cited m the hterature are on the order of 5x10' 

(NRC, 1988) It is highly unlkely that soluble plutomum is present m exposed d m e n t s  at 

Sites 200-202 in concentraQons that would lead to transfer through an open wound by slan 

I 
I 
I 
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contarmnaaon Since the GI absorphon factor is 10x10' for class Y (insoluble) plutonium, 

human bio-uptake of plutonium soils by the dermal contact pathway and subsequent GI 

absorpnon is not plausible 
0 

4 7 RISK CHARACI'ERIZATION 

This qualitatwe nsk assessment is a systemanc idenaficahon of POtenhd hazards of events that 

could result in undeslrable consequences, and is inherently basically subjechve The mam 

dssadvantage of this qualitatwe approach is that it is Qfficult to make specific numencal 

compansons among the nsks of dlfferent events or scenanos However, as shown in Table 4 1, 

hazards can sal1 be grouped by RlahVe importance to the nsk assessment (1 e , M h d ,  marpal) 

and linked by magnitude of qualitauve nsk (1 e , high, moderate, low, neghgble) Pathways and 

release mechanisms that are classified as having cnacal importance to the nsk assessment would 

have a high probability of impaChng a hvman receptor Those that have a marpal  importance 

have a very low probability of unpacang a human receptor These groupmgs, coupled wth the 

nsk evaluauon presented in Appendlx C, also can be used to indxate that there is not any 

imrmnent threat to human health from Sites 200-202 

4 7 1 fisk Charactenzanon Process 

The nsk charactenzahon presented here evaluates the relahve occmnce of plutomum in each 

medsa, its llkellhood for transport to other meda, and its lkelhnxl to impact a human receptor 

The concepts developed in precedmg sechons are uhhzed to detemne the magmtude of nsk 
(using existing informahon) based on the following ranlang, 

1 f i n h  -- A signlficant potenhd hazard to human health exists based on histoncal data, 
physical charactenshcs andor present condmons 

2 Moderate -- maxmum credlble asswnphons of release mechamsms and exposure 
pathways, it is possible that plutonium wll be measured at the receptor pomt 

3 -- It is highly unlkely that a hazard to human health ewsts, usmg mawnum 
credsble assumphons of release mechanisms and exposure pathways combined wlth 

histoncal data, the physical charactenshcs of plutomum transport and present COndmOnS 

4 Neghrnble -- The release mechamsms and completed exposure pathways are essenhdy 
non-existant, therefore there is no nsk to human health 

RFPqr200 r 71 061291 



4 7 2 Phvsical Model 
Rovidmg a reasonable esamate of mternal racbaaon doses due to mhalaaon and ingesaon 

requlres that a consistent model for both the resplratory and gastrointesanal tracts be employed 
While a large amount of theoreacal and expenmental work on such models has been done, the 
most widely accepted models that provide reasonable esamates of internal rahaaon doses have 
been those developed by members of the respechve ICRP worlung groups 

a 

The proposed ICRP Task Group on Lung Dynarmcs (TGLD) model for the respuatory tract has 

been well documented Parameters suggested for use in the model have been extensively 

reviewed and, to some extent, improved in ICRP publicanons (ICRP, 1988b, ICRP, 1980) The 

ICRP TGLD proposed model compnses three major respvatory compartments the 
nasopharyngeal, the tracheobronchal, and the pulmonary Each of these major compartments is 

Qvided into subcompartments correspondmg to vanous transfer mechanisms, whch are treated 

as essenhally independent processes In addmon, the associated lymph nodes are appended to 
the pulmonary compartment in one of the transfer chams Dlrect deposiaon through lnhalaaon 

occurs to the three major compartments, with the fiachond deposioon in each bemg a funcoon 

of the aerosol propemes Subsequent transfer and/or clearance is governed by parameters 
specified for each subcompartment 

0 

0 

For the calculation of soivwater ingesuon, the ICRP gastromtesunal tract model can also be used 
to detemne internal exposure The model compnses a four-compartment tract consisang of the 

stomach, small intestme, and lower and upper large inteShIIe 

4 7 3 Risk From All Modes of EXDOSUR 
The chemcal forms of plutomum found in the off-site sedunents at Sites 200-202 are hghly 
insoluble both in the envlronment and in the human body Based on a revlew of exposure 

pathways and routes it appears that for the c m n t  use scenano, the potential for human uptake 

is negligble and poses a very low potenaal nsk pathway in the quhtaave model Developmg 
these concepts in tabular form, biologcal uptake mechanisms from a l l  release pathways can be 
ranked from the most llkely to the least llkely for the current and future land use scenano 
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Exposure Route 

Inhalatlon 
Dmct ingesnon of soils 
Inhalahon then lngestlon 
Ingeshon of drrnlung water 
Bioaccumulatlon 
Demal contact 

The last two routes are considered neghgble from a nsk standpoint based on current data 

Appenduc C uhhzes reasonable maximum exposure assumpnons to look at potenbal nsk via the 

pathways listed above 

A quahtatwe companson of pathway specific nsk is provided by the EPA @PA, 199Ob) The 

EPA has developed the followng mda-specfic concentranon-based umt nsk factors for age- 

averaged 1ifetIme excess total cancer per unit dady mtake (exposure for 70 years) of class Y 
Plutonium-239 

II Risk per Umt Concentranon' II 

w AU Dnnlang Water Sod Ingesnon 
1 pCJm3 

II 2 6 x  lo2  8 4 x  lo8  It 

The meda-specific nsks are based on standard man (155 pounds [70 Inlograms]) 111take rates 

of 

706 ft?/day (20 m3/day) inhaled an 
0 6 gaVday (2 2 Vday) ingested hquid 
2 2x10" lbs/day (0 1 g/day) mgested soil 

These values assume that all druly me&a exposure is denved from c o n m a t e d  anborne fugmve 

dust (706 f?), surface water/surface runoff (06 gal water), and soil (22x104 lbs) and that 

exposure occurs conunuously for a 70-year Iifetlme In other words, per untt concentrabon 111 

each m d a ,  the unit nsk is far greater from inhalatlon of dust ~fl au  than the other two 

exposures, however, it should be kept in rmnd that unit concentratlons m these medla are not 

comparable in terms of lrkellhood of occurrence In fact, the genenc nsk assessment developed 
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in Appenlx C inlcates that for the future use residenaal scenano, the ingemon pathway would 

contnbute the significant percentage of total nsk Inhalaaon has been calculated to be the 

pnmary nsk for the no acuon alternatwes for current land use 

These unit nsk factors use the same basic approach as other models (DOE, ICRP), however, the 

EPA uses the model to denve nsk from each type of m d a  These nsk factors remforce the 
premse that inhalauon of plutonium (pCdm3) has a much greater nsk factor than from lngeshon 

of water ( p w )  or sebments (soil) (pCl/g) Under current Ieservou use, the au pathway from 

Sites 200-202 produces a negligible nsk to the pubhc, therefore it can be mferred that other 

pathways must also produce a negligble nsk 

This conclusion will be validated or refuted by calculaaon of a true site-spec& quanhtanve nsk 
assessment dunng the RFVRI, 

4 8 APPLICATION OF RISK ASSESSMENT TO EACH RESERVOIR 

In the previous SeCtIOnS, the resewom have been treated as one unit because of the sumlarides 

of sources and pathways The final cntena, that of exposure point, is somewhat Qss idar  for 
the three mservom The followng semens dlscuss the source term, exposw pathways, uptake 

mechanisms, and exposure point for each reservou separately While vanous exposure pathways 

0 

I are Qscounted as part of the quahtaave assessment of whlch pathways are most si@icant (based 
on current data and judgement), all of the exposure pathways wdl be evaluated d m g  the 

scheduled RFIiRI acaviaes 

4 8.1 Great Western Reservou 

Until recently, Walnut Creek empaed into Great Western Reservow, whch is the dnnlang water 
source for the Clty of Broomfield At full capacity, this reservou is a maxmum of 62 ft (19 m) 
deep and covers 7 2x106 ft” (668,000 mz) with a volume of 1 2x108 ft3 (3,430,000 m3) Except 

dunng penods of heavy ram and runoff the mervou is not filled to capacity More typically, 

the reservox is mantaned at about 43 ft (13 m) depth covenng an area of 3 2x106 f? (294,500 
m2) with a volume of 4 1x10’ ft! (1,162,000 m3) 
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Public access is resmcted at the reservov, and no recreahonal use of it is allowed, rnstoncal 
data indxates that the major source of plutonium present in the reservou is from waste hquid 

discharges from holdmg ponds that were transported by tnbutanes of Walnut Creek This 
pathway has been ehmmated It is unclear If some fraChOn of the plutoruum present in the 

reservov sedments is from the axborne pathway produced by the 903 Pad barrel storage area 
However, this pathway too has been effechvely elimmated by inshtuhond controls (construcaon 

of an asphalt pad) 

4 8.1 1 Surface Waterflap Water/Ground Water 
All of the reservor, domesuc water, and background results are essenaally the same wthm the 

lirmts of andyhCa1 and sampling variaaons The results mchcate that the s e n t  in the 
reservor is effecavely unmobiliwng the plutonium and prevenhng its movement mto the 

municipal dndang water The reservov water passes through a filter plant prior to domeshc 
consumpuon, further reducing the ldcehhood that suspended sllt contamng plutoruum could reach 

a receptor through the dnnlung water pathway An extensive ground water monitomg system 
on and around the RFP has been developed The well locations on-site were selected to mtercept 

ground water in areas where potenhd contarmnahon mght be expected Well locahons are near 
holdmg, evaporahon ponds, and creek beds Momtonng wells m the buffer zone along the 

eastern boundary of the RFP have been sampled, and m no case have plutomum levels above 
background been detected m any of the wells Although data are not avdable concemg 
plutonium transport from Great Western Reservo= surface waterhedunents to ground water, it 
can be inferred that this pathway is not plausible ' h s  suggests that soflsedment is a good 

medlum for removing plutomum from an aqueous medla Therefore, smce surface water, ground 

water, and tap water are not sources or transport mecha for plutomum transport m the 
envvonment, the followmg pathways can be dmounted in this quahtatlve nsk assessment 

a 

Surface Water + Tap Water 
Sueace Water + Ground Water 
Surface Water + Biotic Uptake 

Surface Water + Depositzon 
Surface Water 3 Irngation 

SuMace Water + Infltrataon 
Surface Water + Fugitave dust wand erosaon 

Ground Water -+ Seepage 
Ground Water + Pumpage 
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4 8 1 2 Reservolr SeQments 

SeQment samplmg has been perfomed at Great Western Reservov on a number of occasions 
In an EPA study from 1973, peak plutonium sedunent concentraoons were detected at 4 5 pCl/g, 

with an average of 14  pCdg in the upper 2 in (5 cm) A Battelle study from 1974 detected 
plutonium values rangmg from 0 01-8 2 pCJg Rockwell Internaaonal conducted a sedunent 
study dunng 1983-84 using two chfferent analyses In thls case, peak concentratlons were 6 1 

pCVg plutonium in the sechment The highest concentratlons of plutomum were found near the 
inlet of the reservow and along the dam where the greatest se&mentaoon rate has also been 

found This sechmentatlon rate has effechvely b u n d  the greatest concentrauon of plutomum m 
a layer approximately 12-15 m (30-38 cm) below the top of the sedment Although at some 

point the mervov wdl be empaed for repan, the quahtaave nsk of that scenano is not 

specifically addressed in h s  document Since it is possible that under normal concbtions the 
reservov level could drop and expose potenhdly contammated shallow water sedunents for 
subsequent fugtwe dust wind erosion, this pathway wdl remm in the quahtaave nsk assessment 

0 

4 8 1 3 Smllwav Secbments 
The spillway sdment  pathway has been exarmned, and the xesults indcate that sedments 
accumulatlng within the spillway were well below the 0 9 pWg (0 03 Bdg) acuwty screemg 

level for soils adopted by CDH Dunng pen& when the reservou is not at maxlIllwn capacity, 

the sdment  in the spillway is not submerged The locahon of greatest depth of sedrment is near 

the stop logs of the entrance and sedunent accumulabon is at rmnmum at the southeast end of 

the spillway Although it is possible that these secbments could be the source of fugIhVe dust, 

it is not a ldcely release mechmsm for plutomum transport m the enwonment due to the low 

probability of plutonium bemg present m the spdlway sedunents Therefore the 

I 0 

LakelReservoir Sediments + Reservoir Discharge + Surface Water + Fugitzve Dust 
pathway can be cbscounted m this qualitatwe nsk assessment 

4 8 1 4  & 
No crecbble scenano exlsts that could produce an exposure pathway from wmd stnppmg of the 

surface water As stated prewously, although dned reservov sedunents present a possible 
fugitive dust pathway from wmd erosion, the source term (plutonium exposed sedunents) is not 
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present under current conQaons Therefore, the followng pathway can be Qscounted in h s  

qualitatwe nsk assessment 

Wind Stnpping of Water 3 Air 

4 8 2 Standlev Lake 
Standley Lake is a large body of water 43,000 acre-ft (5,300 hectare-meter) in volume located 
approximately 2 rm (3 2 km) southeast of W ’ s  eastern boundary The reservou is used as a 

part of the municipal water supply for the CiheS of Wesmnster, Northglenn and Thornton, 
supporhng approxmately 185,000 persons In ~ a o n ,  the reservou serves as a recreaaon area 
Boatmg, fishing, swunrmng, h k n g  and bllang occur in and around the reservou 

Standley Lake receives approximately 96 percent of its water from Clear Creek wa an Imgahon 
Qtch, a water source that has no hlstory of plutonium transport Woman CRek, an ephemeral 

stream which also feeds Standley Lake, has been a pathway by whlch plutomum could mgrate 

to the Lake Histoncal data rndcates that another ldcely pathway exists from sod erosion w i h  

the Woman Creek watershed and wmdblown plutonium contarmnahon from the 903 Pad m a  

This pathway has been effectwely elinmated by insDtutlona1 controls (construcaon of an asphalt 

pad) However, the surface water-sod erosion pathway may conceivably sall exist Studes of 
Standley Lake sedunents in&cate that contarmnaaon is not ongoing, suggesang that the source 
of plutonium from the Woman Creek watershed was the 903 Pad 

, @ 

4 8 2.1 Surface Water/TaD Water/Ground Water 

All of the reservox, domestx water, and background results are essenady the same wthm the 

limts of analyacal and samplmg vanaaons The results mdxate that the sedunent rn the 
reservou is effecavely holdmg the plutomum and prevenmg its movement lnto the mutucipal 

dnnlung water, The reservox water passes through a fdter plant pnor to domesac consumpQon, 

further reduclng the ldcehhood that suspended silt conmmng plutonium could reach a receptor 

through the dnnlung water pathway Extensive ground water momtonng wells on and around 

the plant site have been developed The well locaaons on-site were selected to rntercept ground 

water in areas where potenhd contamtnahon mght be expected Well locatlons are near holdmg 
ponds, eVapOrahOn ponds, and creek beds Background wells 111 the buffer zone sunounhng the 
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RFP have also been developed, and in no case has plutonium levels above background been 

detected in any of the wells This suggests soil/seQment is a good medlum for removmg 

plutonium from an aqueous meda Although data are not avmlable concemg plutomum 
transport from Standley Lake surface watedsedunents to ground water, it can be inferred that this 
pathway is not plausible Therefore, since surface water, ground water, and tap water are not 

release mechanisms for plutQnium transport in the envmnment, the followlng pathways can be 

Qscounted in this qualitative nsk assessment 

Sur3face Water + Tap Water 
Sutface Water + Ground Water 
Sutface Water + Biotic Uptake 

Surfrrce Wabr + Deposition 
Sutface Water + Irrigation 

Surface Water + Infitrabon 
Sutface Water + Fugitive dust wrnd erosron 

Ground Water + Seepage 
Ground Water + Pumpage 

4 8 2 2 Lake Sdments 

Plutonium concentrahons in Standley Lake sedments are much lower than those found at Great 

Western Reservolr However, thls conclusion is based on h t e d  samphg data from numerous 
studIes This source of release to the envlronment wll r e m u  as a pOtentId pathway ln the 

qualitauve nsk assessment since it is possible that lake levels wll decrease, exposmg sedments 
potenhdly contmning plutonium These sdments could then create fuglhve dust through wmd 

erosion 

0 

4 8 2 3  & 
No cre&ble scenano emsts that could produce an exposure pathway from wmd stnppmg of the 

surface water As stated previously, although dned resewox sedunents present a possible 

fugitlve dust pathway from wmd erosion, the source term (plutomum exposed sedments) is not 

present under c a n t  condhons Therefore, the followmg pathway can be dscounted m this 

quahtauve nsk assessment' 

Wind Stripping of Water + Air 
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4 8 2 4  Biota 

Since Standley Lake is used as a recreahond resource for fishmg, the CDH analyzed edlble fish 

tssue collected from the lake for the presence of plutonium (Appendx D, Document D-11) 
Bottom feeders, rmd-level and surface predator fish were captured, and in all cases, plutonium 
CO~CentrahOnS m all species of fish hssue sampled were at or below the lower hrmt of detectlon 
for this analysis Since fish represent the highest level of organisms within the food cham for 
Standley Lake (excludmg bud eaung fish and fisherman), the non-detechon of plutomum is 

indxative that bioconcentraoon is not occumng as one moves up the food cham 

4 8 3 Mower Reservolr 

Very little documentauon exists for Mower Reservor, but it is used for agncultural purposes and 
has resmcted public access An EPA study was performed dunng the 1970s, but further data 

collecuon is requmd No reCreahOnd use of the reservolr is known to exist Because it is fed 
by Woman Creek, this reservolr may also have been affected by the surface water contarmnants 

believed to have contnbuted to plutonium levels in Standley Lake sedunents (Secoon 22) 

Plutonium transported from Site 199 may impact this reservolr However, smce current 

plutonium levels are so low at Site 199, it is felt that any future unpact WZU be negligble from 
the pathway It has been speculated that concentrauons of donuchdes  m Mower Reservolr 
seQments should not exceed levels measured in Great Western Reservor and Standley Lake 

Therefore, the same descnpaon of possible pathways and the= exclusion from the nsk model wdl 

be restated here 

4 8 3 1 Surface WatertTaD WaterlGround Water 

All of the reservor, domesac water, and background results are eS%ntldy the same wthm the 
limts of analyocal and samphng vmaoons. The results mdcate that the secbment m the 
reservolr is effecavely holdmg the plutonium and preventmg its movement mto the mwcipal 

dnnlung water The reservou water passes through a filter plant pnor to domestlc consumpbon, 

further reducrng the llkehhood that suspended silt contsumng plutomum could reach a receptor 

through the dnnlung water pathway Extensive ground water momtonng wells on and around 

the plant site have been developed The well locations on-site were selected to mtercept ground 

water 111 areas where potenhd contammaaon rmght be expected Well locahons are near holdmg, e 
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evaporauon ponds, and creek beds Background wells m the buffer zone surroundmg the RFP 
have also been developed, and in no case has plutomum levels above background been detected 

in any of the wells This suggests soll/sedunent is a goad medlum for removmg plutonium from 
an aqueous meha Therefore, smce surface water, ground water, and tap water are not release 
mechanisms for plutonium transport in the envlronment, the following pathways can be 
dwounted in this qualitauve nsk assessment 

Su@ace Water -+ Tap Water 
Sut$ace Water 3 Ground Water 
Suvace Water -+ Biotrc Uptake 

Su@ace Wakr + Deposidon 
Surface Water + Irngation 

Surface Water -+ Infitnation 
Suflace Water + Fugitive dust wrnd emsron 

Ground Water + Seepage 
Ground Water + Pumpage 

4 8 3 2 Reservolr Sehments 

Lirmted mformabon is available concerning plutomum concentrauons in the sedunents The 

concentratlons of r&onuclides m these sedunents is not expected to exceed those found m Great 

Western Reservos or Standley Lake However, this source release wdl ~ m a m  as a potenaal 
pathway in the qualitatwe nsk assessment smce it is possible that feservolr levels will decrease, 
exposing sechments potenbally contsunmg plutonium These s e h n t s  could then create fugmve 
dust through wind erosion 

' 0 

4833 & 
No crechble scenano exuts that could produce an exposure pathway from m d  stnppmg of the 

surface water As stated prewously, although dned reservolr sedunents present a possible 
fugmve dust pathway from wmd erosion, the source term (plutonium m exposed sedments) is 
not present under current condmons. Therefore, the followlng pathway can be dlscounted m thls 

qualitauve nsk assessment 

Wind Stripping of Water + Air 
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4 9 UNCERTAINTIES IN THE RISK EVALUATION 

The procedures and mputs used to assess potenual human health and envuonmental nsks m b s  

and most such evaluauons are subject to a wide vanety of UnCemtleS The five mam sources 
of uncertamty are the followmg 

0 

Inadequate sample populahon 
Sampling and analyucal methods 
Fate and transport modelmg 
Exposure esamauon 
Toxlcological data and dose response extrapolauon 

Errors associated with samphng and analysis include inherent errors in laboratory analysis, 
representahveness of the samples, sampllng errors, and heterogeneity of the sample m a w  

Although QNQC programs serve to reduce these errors, they cannot elmmate all errors 

associated with samphg and analysis 

4 9 1 Toxicolom Uncertuntles 
Toxicologml data errors are also a source of uncertiunty The EPA noted thw in its gudehes 

for cmmogenic nsk assessment 

"There are major uncemmtles in extrapolahng both from ammals to humans and from 
high to low doses There are important species Merences m uptake, metabohsm, and 
organ dutnbuuon of carcinogens, as well as species and stran Merences in large site 
suscepubllity Human populatlons are vanable wth respect to geographc constltubon, 
bet, occupatlonal and home envuonment, actlwty patterns and other cultural factors 
(EPA, 1986) I' 

The esbmabon of exposure requues numerous assumpbons to descnbe the potenbal exposure 

situaQons There are a number of uncertsunues regardmg the fate and transport of plummum, the 

ldcelihood of exposure, the frequency of contact with contammated m d a ,  the concentraaon of 

consbtuents at exposure pomts, and the ame pemd of exposure. These assumpnons tend to 

oversunplify actual site condmons There are inherent uncertasnues in &temwng the mtake 

value when combmed with toxlcolognl informauon, to assess nsk In thls quahtatlve 
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assessment, specific assumpuons with standardmd values were used The major assumpuons 
used in this assessment are as follows 

Consntuent concentrauons reman constant over the exposure penod 

Exposure remans constant over hme 

Average concentrahons of conshtuents detected are reasonable esamates of exposure at 
the exposure point 

Exposed populauons remam constant over the exposure penod 

No cfiluuon factor for the contarmnants is offered, and they are avadable for 100 percent 
bio-uptake 

Risks are adhuve 

Table 4 3 qualitahvely descnbes the general assumptions used in the nsk assessment, and thev 

effect on the nsk assessment 

4 9 2 Carcinogenic k s k  UnCertaInheS 
Numerous references (EPA, 199Ob, ICRP, 1980) provide numencal estmates of the nsk of fatal 
cancer inducuon from ionimg r&auon These esumates may be a function of dose to an 

inhvidual organ, whole body dose, durahon of exposure, or quanhty of radtoachve matenal 

ingested or inhaled 

0 

A smgle slope factor (EPA, 1990b) was chosen to esumate Meme nsk of fatal cancer as a 
funchon of the receptor’s lifetune intake of the inhvidual radionuclide Greater accuracy 

resulung from the use of more situauon-specfic factors would make the maptude of the other 
uncemnhes m the estlmauon of human mtake of ra&onuclides Based on a renew of current 

nsk esamates, it is assumed that the use of the single nsk factor will generate an overesmauon 

or underestunahon of one order of magnitude compared to the use of a SitUahOn-SpeCfiC factor 

Because of the low probability of cancer inducaon at the levels of human exposure to radmaChVe 

matenal normally encountered in the envlronment, addmonal uncemues mse from 
extrapolaang nsk esumates from much higher levels, where deletenous effects may be observed 

I 
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TABLE 4.3 

ASSUMPTIONS AND THEIR EFFECTS ON RISK ESTIMATION 
SITES 200-202, ROCKY FLATS PLANT 

Assumphon 

II Effect on fisk 

May Over/ 
May Over- May Under- Under- 

Estunate fisk Esamate fisk Esamate k s k  
I 

I 
I Environmental Sampling and Analysis 

Sufficient samples may not have 
been taken to charactenze the 
matnces bemg evaluated 

Systemahc or random errors in 
the radmchemcal analyses may 
yield erroneous data 

Plutonium concentraaons reported 
as "below method detecaon limt" 
are considered to be a non-detect 

The quahtahve pubhc health 
evaluahon is based on the 
chermcal of concern (Pu) only 
This may represent a subset of 
the ra&onuclides possible at the 
Slte Moderate 

data point LOW 

Moderate 

LOW 

It Exposure Parameter Estimation 

The standard assumpuons 
regardmg body weight, penod 
exposed, life expectancy, 
populanon charactensacs, and 
lifestyle may not be 
representaave for any actual 
exposure situanon 

The amount of medla intake is 
assumed to be constant and 
representahve of the exposed 
populahon I Moderate 

Moderate 
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TABLE 4.3 

Food does not conmbute to 
plutonium uptake 

Dermal absorptlon of plutonium 
from soil is negliable 

ASSUMPTIONS AND THEIR EFFECTS ON RISK ESTIMATION 

(conmued) 
SlTES 200-2202, ROCKY FLATS PLANT 

Moderate 

LOW 

I 

I 

I 

As sumpaon 

Effect on fisk 

May Over/ 
May Under- Under- 

Esamate k s k  Esamate Ruk 

Exposure to contarmnants 
remans constant over exposure 
pen& Moderate 

Concentraaon of contarmnants 
remans constant over exposure 
penod &gh 

All plutonium is avadable for 
inhalaaon in respuable-size 

For most contarmnants all mtake 
is assumed to come from the 
medmm being evaluated This 
does not take into account other 
contammant sources such as &et, 
exposures occumng at locauons 
other than the exposure pomt 
being evaluated, or other 
envmnmental medla which may 
conmbute to the intake of the 
chemcal(1 e ,  relame source 
contnbuhon is not accounted for) 

paracles N g h  

e 
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TABLE 4.3 

ASSUMPTIONS AND THEIR EFFECTS ON RISK ESTIMATION 

(conanued) 
SITES 200-202, ROCKY FLATS PLANT 

Risks are assumed to be addme 
Risks may not be addmve 
because of synergisuc or 
antagonishc acuons or other 
chemcals 

Assumes absorpuon is equivalent 
across species, Th~s is imphcit rn 
the denvauon of the acceptable 
intakes or cancer slope factors m 
this assessment. 

Extrapolauon of toxicity data 
from species to species, and from 
laboratory animals to animals in 
the field 
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Because of gaps in current scienafic understandmg of radlologcal carcinogenesis, ra&oloe;lcal 

cancer nsk assessment requues the use of a senes of judgmental decisions on numerous 

UNeSOlVed sciennfic issues These Judgmental decisions lead to uncemnaes in cancer nsk 
assessment because major assumphons are necessary for data extrapolahon The four mam data 

extrapolahons are dwussed 111 the followmg 

@ 

The extrapolahon of expenmental results across species from laboratory mmals to 
humans 
The extrapolaaon of data from high-dose regon of exposure of human or laboratory 
animals to the low-dose regon of exposure of the general populaaon 
The extrapolaaon of data across exposure duratlons from acute to chromc cases 
The extrapolaaon of data across age groups from adults to chllldren or across e h c  
populahons 

The uncertamties associated with these four basic data extrapolatlons are mherent in EPA slope 
factors for radonuchdes and nsk coefficients used in convenhond rad~ologcal nsk assessment 

methodology These uncemnhes m nsk esumahon are discussed UI the followmg paragraphs 

4 9 2 1 Internal ExDosure 

Uncermmes m internal dose calculanons based on ICRP models anse prunatlly from five 0 
I sources. 1) the uncemnty in reference man data (age- and sex-speclfc dfferences and 

biologtcal and ethnic vanabdity in anatomcal and physiologcal parameters), 2) the uncermnty 

in the lung and GI tract models descnbmg the translocaaon and absorpaon of lnhaled or mgested 

radionuclides into the blood (e g , the uncertmnty in the anatomcal model of the lung and GI 
tracts and age-specific physiologml and morphologcal properhes of the models), 3) the 

uncertamty associated with the formulahon of the ICRP (1988a) biolunehc models descnbmg the 

dmnbuaon and retenuon of radtoacavlty among the vanous organs m the body (e g , the 

bioluneac models are mamly based on animal data and often esumate excreuon maccurately, the 

growth of radloactwe daughters is usually handled unreahsacally), 4) the uncemty m the dose 

models used to calculate the absorbed dose to organs from radlonuchdes retamed III the body 

(nonuniform hstnbuaon of the activlty is normally found in human organs), and 5) the 

uncemnty in the model parameters (e g , absorpaon fracaon [f,], whllch conmbute the largest 

uncemnty in the GI tract model, intake rate, and effeChVe half-life) 

I 
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Uncertamties in nsk esumaaon from internal exposure anse from the following sources 1) the 
assumphon of the dose response model for eshmahng radahon-induced cancer nsks at low doses 

and low dose rates based on data at high doses and high dose rates, 2) the choice of the nsk 

models, latency penod, and expression penod for vanous types of radahon-mduced cancers 
beyond the years of observauon, 3) the age-spec& parameters (nsk coefficients) used for both 

absolute and relahve nsk models obmned from the Japanese atormc bomb survivor data, based 

on relauve high doses and Japanese POpUbhOnS, 4) the use of age-specrfic mortahty rates based 

on data collected in the United States in 1970, and 5) the use of mortality-to-mcidence nsk mhos 

for vatrous types of cancers (Cancer incidence stahshcs are mcomplete, and there is a possibhty 

of dtfferences in the relanve frequency of cancer types between rdogemc cancers and those 

caused by other factors ) 

0 

410 DATANEEDS 

It is evident that sufficient field data are laclung to perform an adequate quanhtatwe nsk 

assessment of Sites 200-202 The following quanntanve informanon would greatly mmase the 

accuracy of any future nsk assessment Many of the parameters hsted below have been 
quanhfied for the RFP as a whole, however, the applicabllity of the exlshng data to Sites 200-202 
has not been ngorously evaluated, and much of the eXiSMg data have not been vahdated An 
early step in the data acquisihon process, therefore, should be to evaluate the apphcabhty of 

exisung envrronmental data from the RFP to Sites 200-202 W l e  the followmg sectlons 

descnbe some of the addmonal informanon which wd be requed to conduct a qUanhtahVe nsk 

assessment, the Sites 200-202 RFURI work plan will address these data needs m greater &tad 

I 0 

4 10.1 Physical Parameters of the Sites 

Sdment parameters such as soil pmcle size, detemnahon of soil parhcle size fracnon with 

which plutonium is associated, organic content, and bulk density should be detemed 

Meteorologcal parameters such as the frequency dstnbuhon of wnd speed, dtrechon and annual 

stability class should be collected Worst case soil (exposed sedunent) and meteorologcal 

condmons (1 e , those condbons at the site most conducive to plutomum transport) should be 

idenufied 
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4102 s[ 
Mort site specific information of the potentlal for wind erosion from exposed sdments needs 

to be collected and evaluated 

4 10 3 Hvdrolony 

The surface and ground water charactensucs at Sites 200-202 need to be adequately charactenzed 

as they relate to contarmnant transport Site speclfic data need to be collected as part of the 

RFI/RI acuvity Straufied water samples should be collected from the reservous, 

4 10 4 Radsologlcal Charactenzauon 

The lateral and verucal extent and maptude of all plutomum and amencium isotopes (and any 

other rabological parameters) in the reservou sedments should be detemed. The omdamn 
state and chermcal state of plutomum and other rabonuclides should be charactenad Sedunent 

samples should be further charactenzed, and a standardmd procedure should be made avadable 

for the quanutatwe nsk assessment 

0 4 10 5 Other Contarmnants 

Addmonal charactenzauon of the site for potenQal inorganic and orgamc contmnants needs to 

be conducted The medta of greatest concern are sedments, surface water, and ground water 

4 106 Biota 

Biota should be charactenzed Analysis of both plutonium and amencium uptake should be 

performed 
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5.0 CONCLUSIONS AND RECOMMENDATIONS 

Over 30 documents detahg studles of Sites 200-202 were renewed m prepmg this report. 
These stu&es address drfferent aspects of the Sites and have been conducted usmg markedly 
dfferent techniques While thls mconsistency m approach and techmque has h t e d  the 
usefulness of the exlsmg data relahve to IAG requmments, the follomg conclusions can be 

drawn from the body of avadable mfomaon for Sites 200-202 

Plutomum and amencium (a decay product of plutomum) am the only known 
contamnants m the zeservom atmbutable to RFP releases Thls conclusion is based 
on extensive water quahty monitonng data far Great Western Reservov and Standley 
Lake and analysis of bottom sedunent samples for numerous potennal RFP-denved 
contarmnants, mcludmg vanous ra&onuchdes and berylhm. 

Plutomum-bearmg honzons of bottom sedments m Great Western Reservov and 
Standley Lake have been covered by subsequent sedmxntaaon The hlghest sedmcnt 
plutomum concentraaons were found to exlst 111 the deepest areas of each reservm 
The COnCenUahOnS of plutomum m the sedments 111 areas of hlghest exposure potential 
(1 e ,  near-shore areas) of Gnat western Restrvov and Standley Lake arc above 
background levels, as measured by several past stuhes m sedmcnts of Golorado Front 
Range mervom beheved to be unaffected by RFP releases 

Maxlmum plutomum concentrahons measured to date 111 Great Western Reservo= 
sedunents are several m e s  hlgher than those measured to date m Standley Lake 
sdments 

Only four sedlment samples have been collected (all m 1970) to assess plutomum 
concentratrons m Mower Reservov sedunents The hlghest plutomum concentrahons 
measured were roughly mcc  the eshmated background concentranon due to 
atmosphenc teshng fallout, and were several tunes lower than the hlghest COnctntratlonS 
measured to date m Standley Lake 

Plutomum is strongly adsorbed to the clay-nch sedments typical m mpoundments near 
the RFP Studles have shown that plutomum 111 the reservov sedment columns is 
effmvely immobdmd. 

Routine water quahty momtoring mdicates that water quahty m Standley Lake and 
Great Western Reservov has not been measurably mpacted by plutomum 111 the 
reservov sedments. A smgle water sample collected m 1970 from Mower Reservov 
showed background plutomum COnCe~UahOnS (background IS due to atmosphenc tcshng 
fallout) 
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Residenhal tap water denved from Standley Lake and Great Western Reservou- IS 

rOUhnely analyzed for plutonium Results consistently lndtcate that plutomum 
concentratlons are well below CDH dmlang water standards 

Of the many potentlal exposure pathways idenflied for the reservom, the mbome 
pathway from reentrauulnent of exposed sedments is considered the most sigmficant 
pathway that can convey plutomum to human receptors from Sites 200-202. Avborne 
plutomum concentrahons measured by au momtors downwmd of Sites 200-202 have 
r e m e d  well below the 0 02 picocunes per cubic meter @Cl/m3), or 0 OOO7 becquerel 
per cubic meter @am3) standard set by DOE All potentlal exposure pathways, 
however, wdl be addressed under scheduled RCRA Fac~hty hvesQgahon/Reme&d 
Investlgatlon (RF4RI) aChWheS at Sites 200-202 

While the avrulable data for Sites 200-202 pomt to the above conclusions, they are not sufficient 

to support a CpInhtahVe nsk assessment To c o n f m  these conclusions wth  quanhtaave data, 

it is recommended that addmonal site data, includmg meteorolog~cal parameters and sedment 
and a n  samples be collected. Further sedment sampbng should also be performed to confirm 

conclusions concernmg plutomum COnCentrahOnS and mobhty m s e h n t s  at Sites 200-202 

A quanbtahve nsk assessment can then be performed to quanMy the human health nsks 
assoclated with the three reservors. These data collechon aChWheS should be mtegrated mto ' scheduled RR/RI achvihes 

RFPapr200 r 97 061291 



6.0 BIBLIOGRAPHY 

References cited in precedmg secaons are i d e n ~ e d  in the followmg list with a bold-type 
reference label 

0 
Allard and Rydberg, 1983 B Allard and J Rydberg, "Behavior of Plutonium in Natural 
Waters," in W T Carnal1 and G B Choppm, Plutonium Chemstrv, Amencan Chemcal Society, 
Washington, D C , ACS Symposium Senes 216, 1983 

Ames and Rai, 1978 L L  Ames and D R a y  "Radlonuchde Interacnons with Sod and Rock 
Mecba, Volume 1 Processes Influencmg Rahonuchde Mobihty and Retenhon," U S 
Envmnmental Protectlon Agency, Report 52O/6-78-007Ay 1978 

Andelman and Rozzell, 1970 J B  Andelman and TC,  Rozzell, "Plutomum in the Water 
Envmnment, I Charactenshcs of Aqueous Plutomum," in Rabonuclides 111 the Enwonment, 
Amencan Chemcal Society Advances in Chermstry Senes No 93, Washngton, D,C , pp 118- 
137, 1970 

ANL, 1986 Argonne Naaonal Laboratory, "Envmnmental Research Division Techmcal Progress 
Report, January 1984 - December 1985," ANL-86-15, 1986 

ATSDR, 1990 Agency for Toxic Substances and Disease Regmy, "Plutonium," U S Pubhc 
Health Service, draft, October 1989 (public comment penod through 16 February 1990) 

Baes, 1984: C F Baes, et al, "A Rewew of and Analysis of Parameters for Assessrng Transport 
of Envuonmentally Released Rdonuclides through Agnculture," 0-5786 

I 

0 
Bair, 1973: "Uranium, Plutonium and the Transuranic Elements Handbook of Expenmental 
Pharmacology," Volume 36, Spnngs-Verlay, New York, 1973 

Brent, 1980 R I Brent, "hdIatIon Teratogenesis", in Teratology, Vol, 21, pp 281-298, 1980 

Brookins, 1984 D G  Broohns, "Geochermcal Aspects of Rdoactlve Waste Ihsposal," 
Spnnger Verlag, New York, NY, 1984 

Broomfield, 1990 clty of Broomfield Public Works Department, personal cornmumcanon 

Brownlow, 1979: A H Brownlow, "Geochemstry," Prentlce-Hall, Inc , Englewood CMs, NJ, 
1979 

CDH, 1990 Colorado Department of Health Hazardous Matenals Secnon, personal 
communicahon 

CDH, 1989 Colorado Department of Health, "Municipal Samplmg," 3907E/1554E, 22 June 
1989 (notes on municipal water supply sampling programs by the Ches of Thornton, Northglenn, 
Westmnster and Broomfield, Colorado, prepared by CDH and presented to these cines m a 0 monthly informanon exchange meeang) 

RFPapr200 r 98 061291 



I 
I CDH, 1970-date Colorado Department of Health, "Envmnmental Surveillance Report on the 

U S Department of Energy's Rocky Flats Plant" (published monthly by CDH and presented at 
monthly informahon exchange meeungs) 

Cember, 1983. H Cember, "Introducuon to Health Physics," Permagon Press, New York, NY, 
1983 

Corps of Engineers, 1989 United States Army Corps of Engmeers, "Review of Pre-Feasibdq 
Study, Great Western Reservolr Surface Water Interceptor System," 1989 

CSM, 1990 Colorado School of Mmes, 11239*240Pu, '"Cs and 2'qb Distnbuhons in Colorado 
Front Range Lake Sedments," prepared for Rocky Flats Plant, Rockwell Internahonal and EG&G 
Rocky Flats, Inc , by R H Cohen, D M Gilbert and H A Wolaver, Enwonmental Sciences 
Department, Golden, Colorado, 7 May 1990 

CSM, 1988 Colorado School of Mnes, "Rdonuchde Limnochronology and Background Levels 
of Plutonium in Front Range Lakes," research proposal subrmtted to George Setlock, Rockwell 
Internatlonal, by Enwonmental Sciences Department, Golden, Colorado, CSM Proposal No 
2749, 1988 

CSU, 1974 Colorado State University, "The Study of Plutonium m Aquaac Systems of the 
Rocky Flats Envlrons," prepared by J E  Johnson, S Svalberg and D Prune, Department of 
Animal Sciences and Department of Rhology and M a a o n  Biology, Fort C o b s ,  Colorado, 

I for Dow Chemcal Company, Rocky Flats Division, Contract No 41493-F, June 1974 

DOE, in press United States Department of Energy, "1989 Populahon, Economc and Land Use 
Data Base for the Rocky Flats Plant," Golden, Colorado, m press 

DOE, 1991a United States Department of Energy, "Past Remedy Report, Operable Umt No 
3 - MSS 199," Envlronmental Restorahon Program, Rocky Flats Plant, Golden, Colorado, Apnl 
1991 

DOE, 1991b United States Department of Energy, "Proposed Surface Water Intenm 
Measuresfitenm Remedd Achon Plan/Envmnmental Assessment and Decision Document, 
South Walnut Creek Basin, Operable Unit No, 2," Envlronmental Restoraoon Program, Rocky 

United States Department of Energy, "Raahon Protechon of the Pubhc and the Envmnment," 
U S DOE Order 5400 5 , 8  February 1990 

United States Department of Energy, "Envlronmental Assessment for 881 Hdlside Wgh Pnonty 
Sites), Intenm Remedal Acbon," Rocky Flats Plant, March 1990 

United States Department of Energy, "Proposed Intenm Measuresnntenm Remda l  Achon Plan 
and Decision Document, 903 Pad, Mound, and East Trenches Areas, Operable Umt No 2," 
Rocky Flats Plant, Volume I - Text, draft, December 1989 

' 0  
RFPapr200 r 99 061291 

I 



United States Department of Energy, "Health Physics Manual of Good Pracaces for Plutonium 
Facilihes," PNL-6534, UC-41, prepared by Battelle Pacfic Northwest Laboratones, May, 1988 

DOE, 1987 United States Department of Energy, "RCRA Part B Operaang Perrmt Applicatmn 
for U S DOE-Rocky Flats Plant, Hazardous and Rdoacave W e d  Wastes," C07890010526, 
Revision No 1,  15 December 1987 

United States Department of Energy, "Comprehensive Envlronmental Assessment and Response 
Program, Phase 1 Installaaon Assessment, Rocky Flats Plant," Albuquerque Operaaons Office, 
Envmnment, Safety and Health Division, Envlronmental Programs Branch, Los Alamos Nahonal 
Laboratory, Apnl 1986 

DOE, 1980 United States Department of Energy, "Fmal Envlronmental Impact Statement 
Rocky Flats Plant Site, Golden, Jefferson County, Colorado," Washmgton, D C , U S DOE 
Report DOEEIS-0064, 1980 

Dow, 1975 Dow Chemcal, "Plutonium in the Aquaac Envmnment Around the Rocky Flats 
Plant," by M A Thompson, Rocky Flats Division, Golden, Colorado, IAEA-SM-198/38, 1975 

Dow, 1973 Dow Chermcal, "A Survey of Plutonium Conmnaaon Released to the Samtary 
Sewer System," by M R Boss, HPR 317390-111, 30 November 1973 

Dow et al., 1971-1989 Dow Chermcal, Rockwell Internatlonal, and EG&G Rocky Flats, Inc , 
annual envlronmental momtonng reports for the Rocky Flats Plant (vanous atles), produced 
annually since 1971 by EG&G Rocky Flats, Inc. and its predecessors. 

EG&G, in Press: EG&G Rocky Flats, Inc "Groundwater Monitorrng and h t e m o n  Program 
Plan," Golden, CO, draft, m press 

EG&G Energy Measurements Group, "An Aenal Radologcal Survey of the Umted States 
Department of Energy's Rocky Flats Plant and Surroundmg Area, Golden, Colorado," EGG- 
10617-1044, UC-702, May 1990 (date of survey July 1989) 

I 

EG&G Rocky Flats, Inc , "Ground-Water Assessment Plan Addendum," U S Department of 
Energy Rocky Flats Plant, Golden, Colorado, draft, May 1990 

EG&G Rocky Flats, Inc , "1989 Annual RCRA Ground Water Momtonng Report for Regulated 
Units at Rocky Flats Plant," Vol I and II, 1 March 1990 

Eisenbud, 1987 M Eisenbud, "Enwonmental Rad~oacbwty," Academc Press, Orlando, Flonda, 
3rd Edmon, 1987 

EPG, 1991 United States Envlronmental Protecaon Agency, Colorado Department of Health, 
and U S Department of Energy, "Rocky Flats Interagency Agreement," 22 January 1991 

EPA, 1990a United States Envlronmental Rotecaon Agency, "Guidance for Data Useabhty 
in a s k  Assessment," EPA 540/G-90/008, October 1990 

RFPapr200 r 100 061291 



EPA, 1990b United States Envlronmental Protecaon Agency, "Transuranium Elements," EPA 
520/1-90-015 and 016, Office of RaQauon Programs, June 1990 

United States Envlronmental Protecuon Agency, "Health Effects Assessment Summary Tables," 
Office of Emergency and Remedud Response, 9200 6-303 (90-1/2), OSWER (OS-230), ORD 
(RD-689), January/Apnl 1990 

l 

EPA, 1989 United States Enwonmental Protectlon Agency, "hsk Assessment Gmde for 
Superfund," Office of Emergency and Remedal Response, Washmgton, D C , OSWER Drrectlve 
9285 7-01aY 29 September 1989 

United States Envlronmental Protechon Agency, "CERCLA Compliance With Other Laws 
Manual, Draft Guidance," Office of Emergency and RemeQal Response, Wasbgton, D C ,  
OSWER Dmctive 9234 1-01, 8 August 1988 

United States Envlronmental Protechon Agency, "Superfund Exposure Assessment Manual," 
Office of Emergency and Remedal Response, Washmgton, D C , OSWER Dlrecave 9285 5-1, 
EPA/540/1-88/001, April 1988 

EPA, 1986 
Evaluauon Manual," EPA 540/1-86/060, OSWER Dmctive 9285 4- 1 , October 1986 

United States Envlronmental Protectlon Agency, "Superfund Pubhc Health 

EPA, 1974 United States Enwonmental Protecaon Agency, "Invesagatwe Report of the 1973 
Tntlum Release at the Rocky Flats Plant in Golden, Colorado," US EPA, Repon Vm, 
RdauodNoise Control Branch, Hazardous Matenals Control Diwsion, July 1974 

Farmers, 19W. The Farmers Reservolr and Imgahon Company, Bnghton, Colorado, personal 
communicaQon 

0 
I 

G J Ham, "The Distnbuuon of '"Cs, Pu and Am in Sheep," in The Science of the Total 
Envmnment, Vol 85, pp 235-244, 1989 

Hydro-Search, 1985 Hydro-Seach, Inc , "Hydrogeologc Charactenzahon of the Rocky Flats 
Plant, Golden, Colorado," prepared for Rockwell htemahond, Project No 1520, 9 December 
1985 

Hydro-Triad, 1982 Hydro-Tnad, Ltd , "Geology of the Smdley Lake Area, Jefferson County, 
Colorado," prepared for Hydro-Tnad by C S Robmson, Mneral Systems, Jnc , July 1982 

Hydro-Tnad, Ltd , "Hydrology Study and Proposed Spillway, Great Western Dam and Reservou," 
prepared for City of Bmodield, September 1982 

Hydro-Triad, 1981 Hydro-Tnad, Ltd, "Phase I Inspecnon Report, Nahonal Dam Safety 
Program, Great Western Reservolr Dam, Jefferson County, Colorado, Owned by the Crty of 
B m d i e l d ,  Idenaficauon Number CO ooo91, Water Dimsion 1," prepared for Colorado Diwsion 
of Water Resources and U S, Army Corps of Engineers, Omaha,-Nebraska, Fmal Report, Aplll 1 a 1981 

RFPapr200 r 101 061291 



ICRP, 1980. Internahonal Comrmssion on Radlaaon Protechon, "Biologcal Effects of Inhaled 
Radlonuchdes," ICRP Publicaaon 3 1 ,  Pergamon Press, Oxford, 1980 

ICRP, 1988a: 
Radionuclides by Workers," ICRP Publicahon 30, Pergamon Press, Oxford, 1979- 1988 

Internaaonal Comrmssion on Racbauon Protecaon, "Limts for Intakes of 

ICRP, 1988b: International Comrmssion on Radauon Protecuon, "The Metabolism of Plutomum 
and Related Elements," ICRP Publicaaon 48, Pergamon Press, Oxford, 1988 

b y ,  P W , "Remote Plutomum Contarmnaaon and Total Inventones From Rocky Flats," 111 
Health Phvsics, Volume 30, pp. 209 - 214, February 1976 

Krey, P W , and B T Krajewsla, "Plutonium Isotopic Raaos at Rocky Flats," U S Atormc Energy 
Comrmssion Health and Safety Laboratory, New York, Report No HASL-249, 1 Apnl 1972 

Krey and Hardy, 1970 P W Krey and E P Hardy, "Plutomum in Soil Around the Rocky Flats 
Plant," United States Atormc Energy Comrmssion Health 8z Safety Laboratory, New York, NY, 
HASL-235, 1 August 1970 

Langer, 1989: G Langer, "Resuspension of Rocky Rats Sod Pamcles Contrunmg Plutonium 
Particles - A Review," Rcokwell Internaaonal, Rocky Flats Plant, Golden, CO, 1989 

McClellan, 1972 9 McClellan, "Retenaon and Dismbuaon of 244 Cm Followng InhdahOn of 
244 CmC1, by Beagles," in Health Phvsics, vol 22, pp 877-81, 1972 

McDowell and Whicker, 1978 L M, McDowell and F W Whicker, "Size Charactensncs of 
Plutonium Parucles in Rocky Flats Soil," m Health Physics, Vol 35, pp 293-299, 1978 

0 
R G Menzel, "Sod-Plant Relanonships with Radtoacave Elements," m Health Phvsics, Vol 1 1 ,  
p 1325, 1965 

Miller, 1990 Dennis Mller, Colorado State Engmeer's Office, personal cornmumcation 

NAS, 1988 Naaonal Academy of Sciences - Naaonal Research Council, "Health hsks of Radon 
and Other Internally Deposited Alpha-Ermtters, Biologml Efficts of Iomzmg W a n o n  Report, 
1988 

NAS, 1980 Naaonal Academy of Sciences - Naaonal Research Council, "The Effects on 
Populaaons of Exposms to Low Levels of Iomzmg Radtaaon," Biologxcal Efficts of Ionimg 
Rachauon Report, 1980 

NAS, 1972 Naaonal Academy of Sciences - Nauonal Research Council, "The Effects on 
Populaaons of Exposures to Low Levels of Ionizmg Rachahon," Biologxcal Efficts of Iommg 
Rachauon Report, 1972 

RFPapr200 I 102 061291 



NRC, 1988 Nauonal Research Council, "Health Ruks of Radon and Other Internally Deposited 
Alpha-Emtters," Comrmttee on the Biologcal Effects of Ionlzmg Rdatlon (BIER N), Board 
on Radation Effects Research, Commmion on Life Sciences, Washmgton, D C Nauonal 
Academy Press, 1988 

@ 
Penrose et al., 1990 W R Penrose, W L Polzer, E H  Essington, D M  Nelson and K A  
Orlandmi, "Mobility of Plutonium and Amencium Through a Shallow Aquifer in a Semand 
Region," in Envlronmental Science Technology, Vol 24, No 2, pp 228-234, 1990 

Personal Communication, 1990 Personal communicauon wth the owners of Mower Reservon 

Rockwell Internauonal, "Background Geochemcal Charactenzauon Report," U S DOE Rocky 
Flats Plant, Golden, Colorado, draft, 15 December 1989 

Rockwell, 1988a Rockwell Internaaonal, "Resource Conservaaon and Recovery Act, Post- 
Closure Care Perrmt Apphcauan, for U S DOE-Rocky Flats Plant, Hazardous & Racboactwe 
Mixed Wastes, C07890010526," 5 October 1988 

Rockwell, 1988b Rockwell Internaaonal, "Remdal hVeSUgahOn and Feasibihty Study Plans 
for Low-Pnonty Sites," U S DOE Rocky Flats Plant, Golden, Colorado, draft, 1 June 1988 

Rockwell Internauonal, Internal Letter, to K B McKmley, RCWCERCLA Programs, from F D 
Hobbs, Envlronmental Management, subject Request for Informauon on offsite Acuwues, 5 
May 1988 

Rockwell Internauonal, "Remdal Acuon Program on Jefferson County Open Space Land m 
' 

Secaon 7, T2S R69W, South of Great Western Reservou;" prepared by C T msle< Rocky Flats 
Plant, Report No, EAC-420-87-1, 15 January 1987 

Rockwell Internauonal, "Rocky Flats Plant Radmcology and hborne Pathway Summary 
Report," prepared by F J Blaha and G H Setlock, Enwonmental Management, 19 December 
1986 

Rockwell Internauonal, "Work Plan, Geologcal and Hydrologcal Site Charactenzauon," U S 
Department of Energy, Rocky Flats Plant, Golden, Colorado, draft, 21 July 1986 

Rockwell Intemauonal, "Rocky Flats Ruk Assessment Guide," prepared by Safety Analysis 
Engineenng, March 1985 

Rockwell Intemauonal, "Soil Sample Collection and Analysis for Plutonium on Lands Adjacent 
to Great Western Reservon for the City of Broomfield," prepared by C T Illsley, Rocky Flats 
Plant, Golden, Colorado, EAC-427-8501, 10 Apnl 1985 

Rockwell International, "General Sdment Samphng Program, Proposed Off-Site Samplmg 
Acmiues," by G H Setlock, HS&E Systems Development Group, June 1983 

RFPapr200 r 103 06129i 



Rockwell, 1981 Rockwell Internauonal, '"Istory and Evaluabon of Regonal Racbonuclide 
Water Monitonng and Analysis at the Rocky Flats Installabon," by D L Bokowsla, R L Henry 
and D C Hunt, Rocky Flats Plant, Energy Systems Group, RFP-3019, UC-11, DOE/IIC-4500 
(Revision 68), 21 February 1981 e 
Romney, 1972. ? Romney, "Ecological Aspects of Plutonium Dissemmabon and Terresmal 
Envmnments," in Health Physics, vol 22, p 551, 1972 

Roxburgh, 1987, 
Introducuon," Chapman and Hall, New York, p 90, 1987, 

I S  Roxburgh, "Geology of mgh-Level Nuclear Waste Disposal, An 

Taube, 1964: M Taube, "Plutomum," Permagon Press, Oxford, 1964 

Thompson, M A , "Intenm Report on Sampling and Analysis of Se&ments and Cores from Great 
Western and Standley Reservous," PHPR 317380-151, 20 December 1973 

UNSCEAR, 1988 United Naaons Scienbfic Comrmttee on the Effects of Atomc Rdabon, 
t'Sources, Effects, and Rsks of Ioniwng RdatlLOn," United Naaons, New York, NY, 1988 

UNSCEAR, 1982 United Nauons SCienbfiC C o m t t e e  on the Effects of Atomc Rdabon, 
"Ionizing Radaaon Sources and Effects," United Nauons, New York, NY, 1982 

UNSCEAR, 1977 United Nabons Scienbfk C o m t t e e  on the Effects of Atomc Radtabon, 
"Sources and Effects of Ionimg Rdabon," Umted Nabons, New York, NY, 1977 

USGS, 1980 United States Geologcal Survey 7 5 m u t e  Senes topographlc maps Arvada, 
Colorado, Golden, Colorado, Lafayette, Colorado, Lowsvllle, Colorado, revlsed 1980 

* 
USGS, 1976 United States Geologcal Survey, "Hydrology of a Nuclear-Processmg Plant Site, 
Rocky Flats, Jefferson County, Colorado," by R T Hun, Open-File Report 76-268, March 1976 

Watlers, 1983: R L Watlers, "Aquahc Chemstry of Plutomum," m W T Camell and G R 
Choppm, Plutonium Chemstrv, Amencan Chemcal Society, Washington, D C , ACS Symposium 
Senes 216, 1983 

Whicker et al., 1974 F W Whicker, C A Little and T F Winsor, "Plutonium Behawor m the 
Terresmal Envmns of the Rocky Flats Installauon," IAEA-SM-180/45, pp 89-103, 1974 

Wick, 1967 0 J Wick, "Plutonium Handbook, A Guide to the Technology," Gordon & Beach, 
Science Publishers, Inc , New York, New York, 1967 

RFPapr2OO r 104 061291 



TABLE OF CONTENTS 

10 INTRODUCTION 

2 0 REPORT To RISK ASSESSOR 

3 0 ASSESSMENT OF DOCUMENTATION 

4 0 ASSESSMENT OF DATA SOURCES 

5 0 ANALYTICAL METHOD 

6 0  DATA REVIEW 
7 0 ASSESSMENT OF SAMPLING DATA QUALITY INDICATORS 

8 0 APPLICATION OF DATA TO RISK ASSESSMENT 

9 0  SUMMARY 

PAGE 

A- 1 

A-4 

A-5 

A-6 

A-7 

A-8 

A-9 

A-11 

A-12 

APPENDIX A1 - DATA SOURCES AND DATA USEABILITY WORKSHEETS FOR 
SITES 200-202 

RFPapt-200 a A-1 061291 



LIST OF TABLES 

TABLE TITLE 

A1 1 

A1 2 

A1 3 

A1 4 

A1 5 

A1 6 

A1 7 

A1 8 

A1 9 

A1 10 

A1 11 

A1 12 

A1 13 

A1 14 

A1 15 

A1 16 

DATA SOURCES OPERABLE UNIT NO 3, Sites 200-202, ROCKY FLATS PLANT 

PLUTONIUM IN SOIL AROUND THE ROCKY FLATS PLANT, APRIL 1,1970 

C0MMI"EE EVALUATION OF PLUTONIUM LEVELS WITHIN AND 
SURROUNDING RFP, JULY 9, 1971 

SOIL SAMPLING EAST OF INDIANA AVENUE, NOVEMBER, 1972 

RADIO ACTIVE SOIL CONTAMINATION IN THE ENVIRONMENT NEAR THE 
ROCKY FLATS NUCLEAR WEAPONS PLANT, CDH 1977 

RESULTS OF ANALYSIS FOR SPECIAL SOIL SAMPLES COLLEiCTED 
ADJACENT TO THE ROCKY FLATS PLANT SITE, SEPTEMBER, 1977 

PLUTONIUM CONCENTRATIONS IN SOIL ON LANDS ADJACENT TO THE 
ROCKY FLATS SITES, MARCH 1979 

DISCLOSURE TO THE CITY OF BROOMFIELD, JANUARY 22,1985 

SOIL SAMPLING COLLECTION AND ANALYSIS FOR PLUTONIUM ON LANDS 
ADJACENT TO GREAT WESTERN RESERVOIR FOR THE CITY OF 
BROOMFIELD APRIL 10, 1985 

REMEDIAL ACTION PROGRAM ON JEFFERSON COUNTY OPEN SPACE LAND 
IN SECTION 7, T2S, R69W SOUTH OF GREAT WESTERN RESERVOIR JAN 15, 
1987 I 

SPECIAL REPORT 1989 CDH SURFACE SOIL SURVEY RESULTS 

STANDLEY LAKE FISH TOXINS MONITORING REPORT, JANUARY 1990 

INTERIM REPORT ON SAMPLING AND ANALYSIS OF SEDIMENTS AND 
CORES FROM GREAT WESTERN AND STANDLEY RESERVOIRS, 
DECEMBER 20, 1973 

GREAT WESTERN RESERVOIR SEDIMENT CORE DATA GRAPHS FEBRUARY 
1985, DECEMBER 20, 1973 

PLUTONIUM LEVELS IN THE SEDIMENT OF AREA IMPOUNDMENTS 
ENVIRONS OF THE ROCKY FLATS PLANT FEBRUARY, 1975 

SURVEY OF RESERVOIR SEDIMENTS, JUNE 1974 

RFPapr200 a A-11 061291 



A l l 7  HISTORY AND EVALUATION OF REGIONAL RADIONUCLIDE WATER 
MONITORING 

A1 18 GREAT WESTERN RESERVOIR SPILLWAY SEDIMENT SAMPLING PROGRAM 
PHASE I AND II 

RFPapr200 a A-111 061291 



1.0 INTRODUCTION 

A baselme human health nsk assessment has five basic components, these are 

Data couecuon and evaluauon 
Exposure assessment 
Toxicity assessment 
Risk charactenzauon 
Uncertamty analysis 

Each of these facets of a nsk assessment need to be performed m an appropnate manner so that 

a quanataave nsk assessment is performed 

This secaon exammes the "Data Collectlon and Evaluaaon" that has been performed on 
Sites 200-202 wth respect to EPA's Guidance for Data Useabihtv m fisk Assessment (EPA 

540/G-90/008), dated October 1990 The followng cntena were used to evaluate and compare 

historical data 

1 Was an adequate conceptual model of the site mcluded? 

2 Were data quahty objecuves stated? 

3 Were key site charactensucs documented? 

4 Were all appropnate me&a sampled? 

5 Were all key areas sampled7 

6 Did samphng mclude medla along potenaal routes of I I U ~ ~ L O ~ ~  

7 Were samphng locahons consistent wth the nature of contarmnatlon7 

8 Were sampling efforts consistent wth field screerung and vlsual observahons m 
locamg hot spots? 

9 Were detiuled samphng maps provided, incluchg the locaaon, type and numerical 
code of each sample? 

10 Did samphg mclude appropnate QA/QC measures? 

11 Were background samples collected from appropnate areas? e 
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12 Were any site-related chemcals elimnated from analysis without appmpnate 
jusaficaaon? 

13 Were appropnate analyacal methods employed for collecaon data? 

14 Did the data meet the stated data quality objecaves7 

15 Were appropnate data qualifiers used for the analyacal data? 

The results of this evaluaaon are summmzed in h s  appen&x under Data Useabihty Worksheets 

In reviewng these worksheets it became clear that the avdable data would not support a 
qUanQtahVe nsk assessment Therefore the nsk assessment that was developed for Sites 200-202 

was perfoxmed to detemne d there was the presence/absence of an m n e n t  hazard to the 

pubhc A second goal was to idenafy data needs for a future work plan that would h t  

rem&al invesngaaon (RI) data collectton 

Some mherent uncemnty is associated wth any numencal nsk coefficient calculated m the 
development of a health nsk assessment The histoncal data were not mtended for use m a 

quanutatwe nsk assessment and therefore meets few of the current standards for data useabhty 
as outlined m the EPA Guidance Document for Data Useability in Rtsk Assessment (1990) All 

the data reviewed attempt to charactenze the locabon and maptude of the soil concentraaon of 

239 Pu (source term) at Site 199 The source term is the lmchpm upon whch any nsk 

assessment is based, and If the data cannot adequately be defended as vahd, a qWbtatIVe nsk 
assessment that has any valid~ty is impossible to perform None of the Sites 200-202 data 

reviewed meets the m u m  cntena of data useability Instead, a prehrmnary quahtative nsk 

assessment has been developed that evaluates the relaave magmtude of the source term, and 

whether human receptors are currently expenencing any lmrmnent hazard from thls source term 

The followmg documents are hsted m Appendx D, but they were not renewed agarnst all of the 

cntena found m the data useabllity gmdance document due to the lack of m f m b o n  conwed  

withm them 

Natlonal Dam Safety Program Standley Lake Dam 

Plutonium Chermstry 
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Great Western Reservou: Re-Feasibdity Study for Surface Water Interctptor System 

A Survey of Plutomum Contarmnahon Released to the Smtary Sewer System 

The Study of Plutonium in Aquauc Systems of the Rocky Flats Envxons 

General Sedment Sampling Program Proposed Off-Site Samplmg Achmties 

Standley Lake Sedment Sample Collection Summary, August 1984 

Geology of Standley Lake Area, July 1982 

Battelle PNL Report Ra&onuclide Concentration 111 Reservous, Streams, and 
Domestic Waters, February 1980 

Battelle PNL Report, "Ra&onuclide Concentrahon m Reservom, Streams, and 
Domesuc Waters Near the Rocky Flats Instdlahon" 

Geology of Standley Lake Area, Jefferson County, Colorado 

Standley Lake Sample COlleChOn Summary, August 1984 

Time Pattern of Off-Site Plutonium Contarmnatlon from Rocky Flats Plant by Lake 
Sedment Analysis, E Hardy 

Radzoacuvity Levels in the Divions of the RFP, Part II, December 15, 1973 

Mumncipal Samplmg, Water Quahty Control Board 

Research Proposal for Ra&onuchde Limochronology and Background Levels of 
Plutonium m Front Range Lakes 

hveshganve Report of the 1973 Tntum Release at the RFP m Golden, July, 1974 

Plutonium m the Aquatx Envuonment Around the Rocky Flats Fachty, 1971 

The followmg approach to the data useabihty evduahon for Sites 200-202 is taken h m  the EPA 

Gwdance Document for Data Useabdity m Rsk Assessment, EPA 540/G-90/008, October 1990 

(EPA, 1990a) 
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2.0 REPORT TO RISK ASSESSOR I 

As stated rn the EPA Gwdance for Data Useabllity 111 k s k  Assessment, the rmnmum data, 
0 

documentaaon and report matenals needed to prepare a nsk assessment a: 

A descnpaon of the site, includmg a detaded map showing the locatlon of each 
sample, the site locaaon relaave to surroundmg structures, terram features, receptor 
populaaons, in&caaons of ax  and water flow, and a descnpaon of the oprahve 
indusmal process (if any) 

A descnpaon and rahonde of the sample design and samphg procedms 

A descnpaon of the analytical methods used 

. Results for each analyte and each sample, quahfied wth respect to analyhcal 
~imtahons 

Sample-speclfic quanhtahon limts (SQLs) and detecaon lmts far undetected 
analytes, with an explanahon of the detechon hmts reported and detection l m t  
quahfkahon for analyacal hIIUtatiOnS 

A narraave explanaaon of the level of data renew used and the resultmg data 
qualifiers mdcatmg duechon of bias, based on the assessment of the results fiom 
quality control samples (1 e , blanks, duplicates, and field and laboratory splkes 

A descnpaon of field condmons and physical parameter data as appmpnate for the 
medla involved in the exposure assessment 

As stated UI the guidance document, if any of this mfOx'mahOn is not avadable and cannot be 
obmned, it may not be possible to perform a quanataave basehe nsk assessment 
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3.0 ASSESSMENT OF DOCUMENTATION 

Accordmg to the gwdance document three types of documentaaon must be assessed Cham-of- 
e 

Custody records, Standard Operaung Procedures, and field and analyacal records 

Cham-of-custody  cords must document the sample locabons and the date of samphng so that 

sample results can be related to geographc locaaon and to spec& sample contamers If a 
sample result cannot be related to a samplmg date and the pomt of sample collecbon, the results 
are unusable for a quanatabve nsk assessment Full scale cham-of-custody procedures (extendmg 

from sample collecaon through analysis) are not requved for nsk assessments, although they are 

requmd for other purposes, such as enforcement or cost recovery 

In all cases, the reports rewewed had no cham-of-custody records, Sample 1OcahOn records wee 
poor, and sampllng dates were not mcluded As stated above, If samplmg results cannot be 

related to a sampling date and the point of sample collecaon, the results are unusable for a 

auanatative nsk assessment 

No field or analyacal records were included with the documents rewewed, nor were SOPs 
avallable to allow cornpanson of the field and andyhcd records for each report. Srnce SOPs 

were not mcluded, it is impossible to detemne the level of systemaac and random error 

associated with samplmg and analysis wthin any of the reports rewewed 

I 
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4.0 ASSESSMENT OF DATA SOURCES 

Minlmum analpcal data requlrements for a nsk assessment as stated in the guidance document 

supulate that one sample per medlum exposure pathway be analyzed usrng a broad spectrum 
analyacal technique, such as GC-MS methods for organic analytes, or ICP for inorganic analytes 

The lack of a broad spectrum analysis for any samples at Sites 200-202 from a fixed laboratory 

source results in an increased probabllity of false negauves because all chemcals of potenual 

concern at the site may not be idenufied In the absence of a broad spectrum analysis, the best 
corrective action is to collect addmonal samples Smce addmonal samples have not been 

obtamed from Sites 200-202, the prob‘, Jity of false negatlves and positlves should be considered 

high Therefore the level of certamty in perfomg a quanataave nsk assessment is greatly 

decreased 

Field measurements of physical charactenstxs of the site, medlum, or contarmnauon source are 

cnacal data, whose omssion can sigmficantly affect the vali&ty of a quanntatwe nsk assessment, 

Physical site informatlon is requmd to perform exposm fate and transport modehg Examples 

of such data are parucle size, pH, clay content and porosity of sods, wmd h a o n  and speed, 

topography and percent vegetauon The J P A  fisk Assessment Guidance (RAGS) descnbes 

mnimum field measurements to be collected for site charactenzanon RAGS Exlubit 4-2, 

“Examples of Modeling Parameters for Which Informanon May Need to be Obtamed D m g  a 

Site Sampling Invesuganon,” provides a list of data elements accordmg to medsum modelmg 

category If not collected dunng sampling, these parameters cannot be detemned The use of 

default opaons and rouunes to estunate mssing values allows the use of the model but mmases 

the uncemmty associated with the exposure assessments 

0 

Although large amounts of th~s data exist for the RFP, none of the above parameters have been 
charactenzed for Sites 200-202 The lack of field measurements directly apphcable to 
Sites 200-202 greatly reduces the level of certamty m the performance of a quantltaave nsk 

assessment. Therefore general statements concerning physical site mformauon were uhhzed for 

the qualitauve nsk assessment 
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5.0 ANALYTICAL METHOD 

A cnucal facet of data useabhty as descnbed in the guidance document requlres that the 

analyhcal methods used to measure plutonium contarmnaoon m sedment have sufficient quahty 

control measures built into the sample collecoon and analysis The preparauon of samples pnr  

to counung is an important consideraQon, whch is a mulo-step process that achieves the 

followmg objecaves (1) the destrucQon of the sample matnx to reduce alpha-and beta parade 
absorphon, (2) the separahon and concentrahon of rachonucbdes of merest to increase resolutlon 

and sensiavity, and (3) the preparaoon of the sample in a suitable form for counung 

Appropnate radlOaChVe tracers must be selected and added to both the field and laboratory 

samples before a rachochermcal procedure is iniuated Of the documents renewed, only the 

Illsley 1987 report parually descnbes the above methods used for rachochemcal analysis Most 

of the documents reviewed do not state whether analysis was perfoxmed by a laboratory 

parucipaong in the EPA Envuonmental Rachoacove Intercompmson Program, whlch prowdm 

quahty assurance oversight for rdaoon measurement laboratones 
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6.0 DATA REVIEW 

The EPA 

tuneliness, 
Data Useabdity Guidance Document lists two cntena for data review, that of 

and the level and depth of review The first cntena is of little unportance for this 
I project, but the second cntena is a cnhcd factor that the data must meet for it to be used in the 

nsk assessment A statement concerning the data review process is absent from all documents 

that were used to develop the quahtabve nsk assessment The tuneliness, level, and depth of 
review is unknown It can be assumed that all documents went through a normal quahty 
assurance review, but even this is not stated. It is unclear d computer algonthm programs were 
validated, or if data entry was checked Therefore based on the data rewew process cntenon, 

all documents would be rejected 
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7.0 ASSESSMENT OF SAMPLING DATA QUALITY INDICATORS 

As stated m the Guidance Document, five basic data quahty indxators must be assessed pnor e 
to utlllzing data 111 a quanatatlve nsk assessment 

1 Completeness 
Completeness is a measure of the amount of useable data resulang from data collechon acaviaes 
A descnphon of the number of samples requlred to adequately charactenze each medla should 
be included that at a m m u m  references Standard Operatmg Procedures (SOPS) and the 
Sampling and Analysis Plan (SAP) 

The Illsley document uses the methodology of collecang a large number of sample locaaons per 
sector and composiang these into one sample per sector Although th~s is an accepted 
methodology for soil sample collechon over large areas, not enough documentation was made 
available to determme if a sufficient number of samples were collected to adequately charactenze 
the site 

2 ComDarabrlity 
Comparabhty expresses the confidence with whch data are considered to be eqwvalent 
Analyucal methods and samphng protocol must be stated rn each report to allow companson of 
each of the data sets, smce field and laboratory vanabhty may sigmficantly affect the results 

None of the reports reviewed are judged to be adequate based on an exarmnaaon of 
comparability, smce sample design and analyacal methods vary greatly between reports @ 
3 R e m  senta tivene s s 
Representauveness expresses the extent to which data define the nsk to human health and the 
enwonment Samples must be collected in a way that generates data whch reflects the site 
charactensacs, and must be analyzed in a way which represents the properhes of the field 
sample Lack of representaaveness m the me&a sampled may result rn the deteChOn of false 
negatlves and may cause the omssion of potenaal exposure pathways in the nsk assessment 

Although sample preparanon procedures were sirmlar for some of the reports, it is stdl unclear 
whether the process of composihng subsamples in each sector produces a sample data set 
representatwe of the exposure area m quesaon Informanon concernmg hgher concentraaons 
and hot spots is lost when analymg sod composites 

4 Precision 
Precision is a measure of the vanability of a set of measurements compared to the mean and is 
usually reported as a coefficient of vanauon or a standard deviaaon of the anthmeac mean 

Here agam, it is impossible to compare the data sets of the reports avadable for Sites 200-202 
because of the large vanabdity in precision of the analyacal results The two basic acawaes 
performed in the assessment of precision are esbmahng sample vanabhty from the observed 
spahal vananon and esamatlng the measurement error atmbuted to the data collecaon process 
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Neither one of these can be accomplished for Sites 200-202, gmen the infonnaaon presented in 
the reports and leads to an unacceptable level of uncertaurty, Therefore, the esamaaon of the 
average concentraaon of Pu may not be representaave of the site 

5 Accuracv 
Accuracy is controlled pnmanly by the analpcal process and is reported as bias The sample 
design plan and sample collecaon plan relates duectly to this bias, and since neither of these 
documents were mcluded for review, it is impossible to detemne the accuracy of the reports 
The esbmate of accuracy is further compromsed by the exclusion of data relatmg to field and 
laboratory splke results Since an esumauon of the accuracy of the data cannot be performed, 
the data should not be included for use in a quanataave nsk assessment 
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8.0 APPLICATION OF DATA TO RISK ASSESSMENT 

The Data Useabhty worksheets prowded rn Appenduc A provlde a deta~led e x m a a o n  of the 
, e  

data quality across the vanous assessment phases To s u m =  the data and deterrmne 
useability the followng four quesaons are applied to each data report, mcorporaang the data 

useability cntenon evaluated in the worksheets These questlons are taken h c t l y  from 
Chapter 6 of the EPA Guidance Document for Data Useability 

CRITERION 

1 What contamination IS present and at what 
levels? 

2 Are site concentrahons sufficiently Qfferent 
from background? 

3 Are all exposure pathways identified and 
examined? 

4 Are exposure pathways fully charactenzed7 

SUMMARY 

Analyhcal methods, data rewew, analyhcal precision 
and accuracy combme to allow for a probablllty of 
false neganves 

Cntenon not met 

Although background measurements were not 
collected, the levels of Pu present are greater than 
what can be ambuted to world-wde fallout. 
Therefore it IS assumed that the plutomum measured 
at Sites 200-202 ongumxi from the RFP 

Cntenon met. 

The nature of the pathways to be exammed IS 
cnhcal to the CharactenZahOn of nsk at the site 
None of the documents rewewed provide 
idenufcahon of exposure pathways 

Cntenon not met. 

To be fully charactenzed, the exposure pathway 
must have been appropriately sampled Data 
Quahty InQcators such as completeness, 
comparabdity, repmsentahveness, precision, and 
accuracy al l  must be w i h n  acceptable huts for the 
exposure pathways to be accurately charactenzed 
The mfonnamn hsted above IS lackmg m all of the 
documentahon prowded 

Cntenon not met. 

Since none of the documents meets the basic cntenon of data useabhty a quanatatwe nsk 

assessment based on such data would not yield useful results and would not be defensible 
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9.0 SUMMARY 

An exarmnaaon of the &ta avsulable for Sites 200-202 mdxates 
a 

that few of the cntena found 

in the EPA Gmdance Document for Data Useability are met The data collected wefc of b t e d  

quality and specificity, a samphng design program was not inihated to collect representabve 
samples from all me&a and exposure pathways, and no meanmgful stat~st~cal analysis were 

conducted on the data set pnor to publicauon of the reports, mcludmg Data Quality Indcators 

and sample speclfic quanataaon hmts (SQLs) 

Therefore, based on the guidance found in the Data Useability for k s k  Assessment only 

quahtatlve statements concemng nsk are possible These statements are based on hstoncal 

informaaon and the general behavior and transport of plutonium 111 the enmnment No 

numencal measures can be denved to inchcate the potenaal for adverse effects, and the level of 

certamty cannot be assessed The nsk to human health may thus be considered only m 
qualitatwe terns, whch by the reference document is an acceptable method when data do not 

support a more ngorous quanatauve analysis a 
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TABLE Al.l 

e 

DATA SOURCES 
OPERABLE UNIT NO. 3, Sites 200-202, ROCKY n A T S  PLANT 

Data Source 

United States Atomic Energy Commission, 
"Plutonium in Soil Around the Rocky Flats Plant," by 
P W Krey and E P Hardy, Health and Safety 
Laboratory USAEC, New York, NY, HASL-235,l 
August 1970 
Dow Chemical USA, "Soil Sampling East of Indiana 
Avenue," by R W Loser and R L Tibbals, Product 
and Health Physics Research Senrice Report No 
31 7-72-1 86,29 November 1 972 
Rockwell International, "Results of Special Soil 
Samples Collected Adjacent to the Rocky Flats 
Plant Site," by C T Illsley, Environmental Analysis 
and Control, ES-376-77-201, 7 September 1977 
(revised 30 November 1979) 
Colorado Department of Health, "Radioactive Soil 
Contamination (Cesium4 37 and Plutonium) in the 
Environment Near the Rocky Flats Nuclear 
Weapons Plant," September 1977 
Rockwell International, "Plutonium Concentrations in 
Soil on Lands Adjacent to the Rocky Flats Plant," by 
C T lllsley and M W Hume, Energy Systems 
Group, LPR-1,16 March 1979 
Rockwell International, "Disclosure to the City of 
Broomfield," 22 January 1985 

Rockwell International, "Soil Sample Collection and 
Analysis for Plutonium on Lands Adjacent to Great 
Western Reservoir for the City of Broomfield," by 
C T Illsley, EAC-47-85-1, 10 April 1985 
Rockwell International, "Remedial Action Program 
on Jeff8rSOn County Open Space Land in Section 7, 
T2S, R69W, South of Great Western Reservoir," by 
C T Illsley, EAC-420-87-1,15 January 1987 
"Rocky Fiats Plant Site Environmental Report," 
(published annually since 1971 by EG&G Rocky 
Flats, Inc and their predecessors, known prior to 
1988 as "Annual Environmental Monitoring Report") 

Nature of Data 
Plutonium concentrations in soil samples collected 
in early 1970 from 33 sits extending as far as 40 
miles from Rocky Flats Plant, including sites within 
and around Sites 200-202 

Plutonium concentrations in soil samples collected 
on November 17,1972 from 20 sites wtthin and 
around Sites 200-202 

Selected radionuclide concentrations (including 
plutonium) in soil samples collected in August, 1976 
from 25 sites within and around Sites 200-202 

Plutonium and cesum-137 concentrations in soil 
samples collected in 1977 from sites within and 
around Sites 200-202 

Plutonium concentrations in soil samples collected 
in 1976 and 1977 from sites within and around 
Sites 200-202 

Page 9 Average plutonium concentrations in soils 
on City of Broomfield acreage at Sites 200-202 
Page 15A Average annual plutonium 
Concentrations in air and soil within and around 
SI tes 200-202 
Plutonium concentrations in 15 composite soil 
samples collected in 1985 from 1 O-acre plots wlthin 
the City of Broomfield acreage at Sites 200-202 

Plutonium concentrations in composite soil samples 
collected in 1977 and 1985 from 1 0-acre plots within 
Sites 200-202 

Summaries of ail environmental investigations and 
monitoring conducted on and around the RFP 
during the current year (summames data included 
in monthly environmental monitoring reports) 
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TABLE A1.2 

PLUTONIUM IN SOIL AROUND THE ROCKY FLATS PLANT, APRIL 1,1970 

Dau 

1 
- 

- 
2 

U8Mblhty CIWM Commwta 
Repons to IZlsk Rcpo~t only mcludes lmmd sampling data locations for Slter 200-202 Ma~onty o f  
Assessor repon apphw to areas outside of Sites 200 202 No data sets mduded. only data 

summary No mtqretatm of data us- No nPrntlve descnbmg specific 
samphg of andpcal pmblems Results are qunhiied for analpcal luw~uons 
Pamal mterpreurnm of QC data mcludd Sod samphg tcdmqlue M e m t  thpa 
for other documents Document nof generated for use m nsk as~essmenf 

No work plan, aamphng and mdym plan, or quahy iusurnnce ~ J W  plan Documantahon 
A W/SAP/QAPjP pmndcd Inadequate ate descnptum. no dctiuled map p m d c d  WI& sample 

1 - 

B SOPS 

C Field and 
Analyhcal Records 

3 DataSourcea 
A Andyhcal 

B Nondyhcal  

4 AndytlcalMethodr 

The data tables pmmdd m p n m  the multr of Merent methods of d collemw. 
This ruppntr the contentlcxl that a vanauon m sample collectlat pmadunr can 
have a si&cnnt effect on dyhca l  xcaults A dampaon of aamphg h g n  u 
pmwded 

No field logs or mw data avulable No cham of custody d s  selecaoa and 
idcnhficahm of s~ lphng  pomts not documented No documentanon coaarmng 
denotlon from samphg and andyau plan or standard operahng pmcedurer 

Andyncal results hated m Table A vary between laboratones Andyad nsultr 
are hated by depth of ample 
Use CDH 1977 No field mepsurancnt data avvulsble for aitc such aa purscle azc. 
pH. clay content, porosity of sod, wmd duectlm. topography. T b l e  Fracam of 
PU, depth of cmmunatm m roll. etc 

Andyhcal methods not atate& Qurllty ccmtml measures menhoned but not 
described Rephate analysis performed but result not stated. Metbod dctccmm 
hnuts percent recoveqy. LLD and MDA stated Labontory performmg malyic 
ldcntlfied 

Data rewew p m s a  pnor to pubhtmn of document u unknown Tbe tunelmeas, 
level and depth of renew not stated m document. Level of q u h y  
assurnnce/quhty Conllol m e w  unknown 

No m&cauon 9 data collcchon and rnalysu problem: affected the complucncaa of 
data sw Assumpuon is that 100% of sampler collected wwe c o d y  d y a d .  

comspondmg analy~cal value No data quPLfion presented w d ~  data Only PU 

RCJ- 

SrmpuUr &J@ 
I 

No CXphahOn why many mon samphg pomu idenofid 011 map without hdWCd %JCU 

and CS analyzed Cmhd ReJcu 
A Completeness 

In addulon, analysu from M e m t  laborntones mulred m vamltlm of the PU 
ConCQttnrlons 

The data CBMD~ be used for a qupatlrntlve nak assesmat because d y  rod medm 
was sampled. and a~llcctcd m a manner that may not -sent the ?rue PU 
concentntlonr d the we, Only one exposure pathway w u  impled (d) No nu 
or water data u available dmctly related to the site 

C Repnsentauvenesr 

D Preasion 

E Accuracy 

Table 8. duphcate sod m p h g  results pven as m C h *  Field blanks, tnp blanlu 
and m d  Sundrrdr collected. Counhng ermr stated. No field blanks. tnp 
blanks, mtemd standards, or standard sod andysu waa performed Repllcrte 
radynr war performed but the ~esultr wwe not hsted m the reporr W 
collcmtntlolls r e p o d  ad avenges nrther than mcluded as a complete data sct 

Percent recovery d y s u  performed Descnphm of muumum QNQC data 
mcluded No documented QA mnew 

COUUMg C i l w  not S t a t e d  
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TABLE A1.3 

COMMITTEE EVALUATION OF PLUTONIUM LEVELS 
WITHIN AND SURROUNDING RFP, JULY 9,1971 

Data Usubhty Cntena comments 

Repo~t only mcluda lumtcd samplq data locahons for Sites 200-202 Ma~onty of 
report appkes to a m r  outside of Sites 200 Un No data sets urcluded only data 
summary No mterpretatmn of data usub&y No n m v e  descnbrng tpeafic 
samphg or analytlclll pmblms Results are quahficd for ~dyt~cd htaams 
hterprCtah0n of QC data mduded Sod ramphg tcchquc M e -  than for other 
documents Document not E Q I Q . ~ ~ ~  for use m nsk aswssment. 

No work p b ,  samphg and analytu plan, or quahty assurance p j ~ ~ t  plan 
prowdd Inadequate site dcrcnptmn. no detadcd map prowded wlth sample 
locrtlons 

B SOPS 

C Field and 
AnalytlcalRecorda 

A Analyclcol 

No field logs or raw data avculable No cham of custody d r  Seleftlaa and 
idcnaficatlin of samphg polnts not documented No documartrtlon conarmmg 
dewatlon fran samphg and andym plan or stondud operatmg pmccdurcs 

Andpal res* llsted vary betwem laboratones wlth no accompanymg 

No field mcanuanent data avlulable for site such 01 pmcle nzc. pH, clay content, 
pomity of rod, wmd dyectlon. topography. rupmble Fnctlcn of PU, depth d 
contmunrtton m rod, etc 

Reject I 
4 AnalytlcalMethods I Analpcd method; stated Quahty corrtral musurer described Rephate sndynr A c a p  

performed and results stated Method detcctlon lmuu percat ~.coyy, UD and 
MDA stated Laboratory perfomung analysis ideanfied. I ’7”””” Data rcwew process pnor to publlcaaon af document u unknown The ~II~C~IZICJS, 
level and depth of rcvlcw not stated UI document. Level of qurllty 

No m&mm 9 data cokcaon and mnlyslcl probloni affected the completenus of 
data sets Assumpmn is that 100% of sampla collected were c o m d y  analyzed. 
No expbaaon why many more samphg pomts idenafied on map wlthout 
comspondmg annlpcd value No data quahflen presented w h  data Only PU 

assum~qllallly control renew unknown 

A Completenas 

dlffe&ce 
m rlus repo~t mth other reportr Samphg not pcrfomed h e d  in tmnparl or 
spstlal Vanahon 

sample dmon p&ures It IS not possible to compm the reiulu 

The data canna be u r d  for a quanutatwe mk assermnent h s c  oaly sod medtr 
was sampled, md colIcctcd m a manner that may not represent the true PU 
coumtranons d the ate. Only one cxposurc pathway was sampled (sod) No plt 

or water data u adable k t l v  relared to the site 

D Preasion Re& p v a  u mcJlun’ Field blanks, tnp b h k s  ud mtemd m d d r  
collect4 Camtmg cmr stated No field blmkr. tnp blanks, mtemd s t u d u d s ,  or 
sundud rod d y s u  war performed. Rcpllcate analyam was performed but the 
reiulw were n a  hted m the repoh Sod concentranom rcpoaed as averages rather 
than mcluded as a complete data set. Counung error not sutcd. 

E Accuracy Perant recovery d y s u  performed Descnpam of rrmumum QAIQC dam 
lnduded No documented QA rcwew 

Demon Acccpt, Qupllficd Accept, Reiect 
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TABLE A1.4 

SOIL SAMPLING EAST OF INDIANA AVENUE, NOVEMBER, 1972 

No mterpretatlon of data useabhty No namtlve summary derabmg spmfic 

Interpretat~on of QC data not mcluded Document not generated for use rn nsk 
assessmen& 

provldd Inadequate s~te descnpnm No detdcd my, prowled for runpllag 
locanons fmn Table I. No map provided for samphg locanma fm Table E. 

smpllng or analyucal problwns Resulu not qwllficd for anrlyhcal h u  

No work plan, ramplmg and analysu plur, or Qurllty Assurance PIOJCU Plan bJ=t 
- 
2 

B SOPS No descnplan of sampllne deslgn proceduns amtted. ReJ- 
C Fuldand No field logs or raw data avdahle &lemon and identuicatum of samphg polntr RCJCC~ 

Data Swrcer Analyhcal data reported as m C b 2  rather than as pWg. and u totally unusable for Reject 
A Analyhcal a nsk asse.ssment No data avdable for sampler luted ID Table II SMph 

B Nonanalyucal No field measurement data avdable for site such aa pmclc me. pH, clay content. Reject 
pomty of sod, wmd duechon, topography 

Andyucal Methods Analyhcal method8 and proceduru not rcfemccd Qua& antral mcuursmsnu Reject 
no descnbcd. Replicate A d y m  not performed. Merhod detccaan krmu perceat 
mvcry,  LLD, and MDA not stated Laboratory perforrmnp d y u r  not ~ t e d  

Analyucal Records not docmented 

analyzed fa PU only 

- 
3 

- 
4 

Data Renew Data renew procesr pnor to pubhcaaon of daument u unknown llaa tmrelursrr, 
l d  and depth of renew not stated m document 

No data d s  for samphg locancmi m Table IL No m&llttonr rf data c o w  
and analyau problems affected rhe canpletenesr of data ret No data quahfim 
presented wuh data 

5 

6 

Data nported m mcJkm' and is not comperable mth other repom Thlr report 
pomu cut the vanawty mtmduced m the anrlpcal nsults due to change IU 
sample collection proaduru It u not poaable to compare the nsults m thu reporr 
wth other q m t s  Samphg not performed based on tanponl or ~ptul v . n u l ~ h  

Data reported m mCJhn2 and is not comparable wth other repolu The dam 
cannot bc used for a quanhtahve nak a8sc8sment because only sd medm was 
sampled, and d d  m a manner that may not -t the t ~ e  PU 
conccntrauons of the utc Only one wpoaun pathway was sampled (sod) No UT 

or water data u avdable dyectly related to the site 

Data reported rn rn- and is not comparable wltb other NO field 
blanks, tnp blanks, m m a l  standards, or standard roll mdps w u  performed. 
Repkcate analysis w u  pcrfomed but the result$ were not luted IU the repoh soll 
ulllcent~ttoni reponed as averages rather than mcluded as a complete data act. 
Counhn~ emr not stated. 

C Repnsentauveneaa 

~~ 

E Accuracy 
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TABLE A1.5 

RADIO ACTIVE SOIL CONTAMINATION IN THE ENVIRONMENT NEAR 
THE ROCKY FLATS NUCLEAR WEAPONS PLANT, CDH 1977 

Reports to fisk 
Assessor 

Report d y  mcluda h t e d  sample loca~ons for Sit= 200-202 MIIJOIUY of report 
applles to areas outs& of Sires 200-202 No data sa mcluded. only data sllllllllllly 
No lnterp~taaon of data useobd~ty No narrstlve summary d e r c n b q  @IC 
samplmg of mdyud pmblemr Results not q U e d  for andyad htaaons 
hretpreta~on of QC cats  not lnduded Document not generated for use m mk 

Documentation No wo& p l ~ ,  ramphug end m d y w  plan or Qurllty Asrunnce ~ J C U  p h  
A WPISAPMAPJP prowdcd Inadequrts ute dercnptlon, no detpllod map pmndcd anth runpk 

locaaonr Many sample pouur arc shown on map m F~gurc 5 but have no 
comspondlng Mplytlal value 

The data tabla prowdcd canpare the results of meat methodr of roil d a o n .  
"Ius suppons the umtaaaa that a vanatlon m sample wllccaca proceduru can 
have a signtficant effect on dyacpl results A dmcnptta of sampllno dew II 
provlded 

B SOPS Acccp 

C Field and No field logs or raw data avdable No cham of custody reconit Soleaurn and Reject 
Analpal Records identlfiahm of ramphg pants not documented No docummuloa concernlug 

denatlon frcrn samphg and analysle plan or standard opcratlng p d m s  

AnPlytac.4 data results repotted as averagea rather than mcludmg hot rpot valuer 

SolubdUy class for a Pu not detemed.  

No field m e a s m e n t  data avsllable for sltc such 81 plltlcl. awe. pH. clay watent, 
pomity of sod, wmd dycctlon, tcpogtrphy, mpmble  Fncnm of PU, depth of 
contrrrmn%tlon In so& etc 

Andyad methods hrtcd. Quality control mcIIswr m e n d  but no dercnbed 
Rephcatc analysis performed but no data stated Mahod detcctlaa krmu percent 
recovery, LLD. MDA not stated. Unlmown If laboratory perfomg analyw 
pamapsang m Intcrarmpamm progrun 

level and deph of remw not stated m document. bvel  of q u d q  
assurpncelquallty control rewew unknown 

No m&ruon d data collectlm and analysu pmblpns affected the completumr of 
data rets Aswnplon ia that 100% of samples collected were conectly UrrlyZea 
No exphatlon why many more sampkng pomu rdenafied on map anthout 

Data Sources 
A Analytacd Sampler andy~~d for 239 PU and 147 CI only No chcuud malym performed? 

B Nonandytad 

Reject 

Reject 

Analytad Methods RCJCC~ 

Data Revlew Data renew pmccsr pnor to pubhcatlon of document u unknown The tuneknerr, Reject 

Data Quality Jnd~catorr 

A Completeness 

Sampllno Reject 

Percent ncovery anrlysle not performed Dcscnp~on of mumnun QA&C data not 
mcluded No documented QA renew I B Accuracy 
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TABLE A1.6 

RESULTS OF ANALYSIS FOR SPECIAL SOIL SAMPLES COLLECTED 
ADJACENT TO THE ROCKY FLATS PLANT SITE, SEPTEMBER, 1977 

Data Us&y Cntenn comments 

1 ReporutoRuk Report may mclude sampk locauons oum& of Sites 200-20‘2. No map mcludcd to 
Assessor locate sample pomu No data set mcluded. only data mmmary No IntWpIetahm 

of data uscabhty No nunhve summary descnbmg apeclfic tamplurg or a n d p a l  
problans Resulu not quaWed for d y a d  luIlltl Inteptatlca of QC data not 
lnduded Documat not gmeratcd for use m nak aasermmt. 

Reject 

2 hUmmtahOll No work plan samplurg and W ~ Y S I  plan or Qwllty Aarursnce project plan &JW 
A WPlsAPQAPjF’ pronded No site descnplon. No deulled samphg map provuied 

B SOPS No descnptlon of samphg desw, no procedunr mcluded Re1- 

C. Field and No field logs or raw matmment data avcukble No chun of cuatody d s  Reject 
Analyhcal Recordr Selection and idenhficpuon of samphg puns not documented. No documeatahon 

concermng denahon from samphg p h  or rtandard opentmg p d u n r  

3 DataSourcea No n w  analpcal data pronded only data summanes No lugb or hot apot data RCject 
A Andyhcd prowded only averager Data reported as &smtegrahcar per rmnlltc per grw of 

sort Samplu not Mllyzed for 241 Am 
1 
B N o n d y h c a l  

Analyhcal Methods 

No field mcallllcment date avulrble for s a  such as pamcle sue, pH, clay coatmt. 
pomty of sod, m d  dmchax, topography 

Andpcal methods and p d u r e s  not adquatdy dercnbcd. W o d  detedon 
huts sampk quantmhon h t s  percent rewery not stated m report labontory 
idcnafied that performed onnly~u 
Unacap.ble VSMhOIl for andytI O f  CCRplll r S d l ~ U C h d C S  

~ J C U  

~ J C U  

Table II COmpWahVe A n r l y ~ ~  lndlate~ 

Data Rewew Data remw pnor to pubhcahon of document I unknown The umehnesr. level, Reject 
and depth of renew not stated m document 

Data @&ty hdmtors Based an the data presented If I not posszbb to comport or qmvome the nsdu Reject 

A Compktcnus temporal vanauon. W N  &JW 
m tlus report wtb other reports samplmg not performed b e d  m spcual or 

B Compandnhy The data co~ected cannot be used for quantltahvc ngk PIscsmmt bccsure d y  sod !hmphg RejW 
medm was sampled. and collected m a manner that may not npmrent the wc PU 
conccntn~ons at the rite only axe exposure pathway was sampled (sod) no UT 

Sam- 

cunblncd RCJW 

h d w  RCJW 

data IS a v h h l e  dyectly &tmg to the ute &IIlbmCd &JGcr 

C R e p n s m ~ v a e s s  Field blanks, duphutw, and standard sod d y s u  were perfamed but the nsulta Sunplmg RCJCU I were reported as a summary rather than a complete data act 

Field W a .  duphutu. npllcuw and standard sod andyau were not collected 
No compktc data seis. only data summary Countmg e m  not luted. 

b p h g  Re~ecS 

AIldfiCd RCJCCt I D Pnasion I 

1 ‘ I  

I 

COUIhCd RCJCU 

E Accurscy Iaotoplc haca was added to damnme percmt recovery. but not dunng sample Sun- RCjecS 

Anrlyhul Re)- 
collection phase ‘Ihe repofl statu a plutosllum tracer was 236 PU WPI added to the 
4 uunples aher composmng to deterne percent ncavery However, no tracer 
was added to the field sampks to assure I O N  recovery dunng ?he sod couectlaa 
and compositmg pmcess &!Xlblnd RCJW 

kusion Accept, Quahfkd Accept, Reject 
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TABLE A1.7 

e 

a 

PLUTONIUM CONCENTRATIONS IN SOIL ON LANDS 
ADJACENT TO THE ROCKY FLATS SITE, MARCH 1979 

Dau 

I 
- Useabhy Cntena Commentr 

Repom to h a k  
Assessor 

No data set mduded, only data summary No mterpntatlon of data usealnhy. no 
narraave summary descnbmg specific samphg or analpcal problems results not 
q u M i  for analpcal lu~tauons htcrpntatmn of QC data IS mduded. 
Document not generated for use m nsk userrment 

No work plan. samphg and mulysu plan, or Quakty Asrunncc pr~je~r plan 

Reject 

Documcntaaon Reject 
A WP/SAP/QAPjP provided Inadequate ute descnpaon, no d e W  map w/samplc Iocahons 

B SOPS No detded descnpaon of samplmg design Procedurer ormtted. vegartlve cwer Reject 
may have been m o v e d  pnor to sod samphg, t h u  bmmg the sample Spmplei 
collect on random baas. rather than by usmg a low energy gamma detector such a i  
a FIDLER to locate potentd sample pomts 

Repon stater that sample collecaon logbook used. No field logs or raw mntrumcnt 
data avdable No cham of custody records, selecMn and identlficrhan of 

C F~ldand 
Analpcal Records 

samphg polnu not document, no docmentaaon oancermng deVl.a~a from 
samphg and analysu plan or standard operatmg procedures 

Analpcal data reaultr for annposlte sod sampler only no hgh or hot rpot data, 
aamples ~ a l y z a d  for 239 PU only. no chermcal analysu perfonncd and aoluhhy 
&as for 239 PU not detcmuned 

No field measunmmt data avahble for site auch as prude me. pH. clay content, 
mmiw of sod. m d  dmchca. twomuhv 

I DataScurces Reject 
A Analpcal 

B N~n-analflcal RCJM 

I Analpcal Methodi Andpd methods and proadurea and quallty contd measma luted Method QuaWed Accept 
detection l m u ~ ~ ,  sample spcdic quantuauon h u  percent recovery not stated m 

Radmact~vuy Intempanson Program 

level, and depth of renew not stated m document 

data set Assumplon 11 the 1W of samples collected wae comctly analyzed. 

repOn h b ~ m t o r y  perfomung MdySlS C e d e d  by EMSL Lv (EPA kmaUd 

i DataRenew Data renew process pnor to pbhcaaon of document IS unknown The tunelmcar, RSJCU 

i Data Q u a y  IudIcatorr No mdlcwon If data collcc~on and analysu problani affected the completenear of Srmplns REJCU 
An.lytlul Re,ect A Completenur No data q u M e n  presented wlth data 

I B Comparabhty Based on the data presented it is not possible to compue or quvocatc the reault~ Samplq Reject 

, Anrlyacrl m thrs report mth othu npom Samphg not paformed based m rpcad a 
temporal vanatm. 

I 
combmed Reject 

C Representauvmess The data collected cannot be used for quanhtaave nsk assessment because only a d  Smpllng Reject 

RCJW 
r n h  wan rampled. and collected m a manner that may not rcpresmt the true PU 
concenmhona at the ute Only one exposure pathway was aampled (sod) no UI , 
data u aMllrbla ducctly relatmg to the rite canbured %Ja 

D Pnasion Fdd blanks. duphcatu, and itandad sod analysu were perfotmed but the rctults Smpllng Rejsct 

Anrlytlcrl we 
combured R c j e  

wcrc reposed aa a rununary rather than a complete dru ICL 

E Accuracy The repOn Stetel 3 p l U h l U m  tlsCCX WSS 236 Pu WPI rdded to the Sod S m p h  rfter s- &JGU 

hdylXCd hJCU 
compoaitmg to detemuna percmt recovery However. no tracer was added to tbe 
field sampler to assure 10096 recovery dunng the sod cohct~an and cunpoamg 
process canbursd Reject 

Dcasrn Accept, Qualified Accept, Reject 
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TABLE A1.8 

DISCLOSURE TO THE CITY OF BROOMFIELD, JANUARY 22,1985 

Data Uscabhv CIWM I Comments I 
1 

- 
2 

Reports to a s k  
Assessor 

Reject No data set mcludcd, only data summary No lnterpreta~on of data uaeabdq, no 
nanattve summary descnbmg spcctfic samphg or analyncal problems results not 
q u M d  for analyncrrl kmuanmr Interpretanon of QC data u mcluded. 
Doclrmeslt not generated for use m nsk asseasmen(. A table u mcluded that relatea 
sod concentraaanr and wbome concmtrattons of Pu at Situ 200-202, hut ia  not 
quahtkd mth the needed mformatton for data useobfity 

No work plan. samphg and analysu plan, or Qual~ty Asrumce pro+ plan 
pmwded Inadequate site descnpuon, no detarled map w/mnple locauons 

B SOPS No detuIed descnptton of samphg deslgn P d m r  ormo#l, vegetauvc cover 
may have been moved pnor to sod samplmg, thua bmmg the sample Samples 
collect on m d a n  basu, rather than by urmg a low energy gamma detector such .SI 
a FIDLER to locate mtd samole D O ~ U  

C Field and 
Analyacal  record^ 

No field logs or raw mtnunent data avahblc No cham of custody d s .  
selecnoa and idmfficatlon of samphg pomu not document, no daymmunon 
concermng dewanon frcm samphg and analysu plan or standad operating 
p d u r e r  

Analytical data sources rrpod aa summary rather than u data rets 
- 
3 Data Sources 

A AnalFcal 

B N~n-uUlytlul No field rncaruranent data avdable for sue such as particle me. pH. clay contmt. 
porosity of sod wmd khan. topography 

4 Ikalvt~calMethods Analytical methods and proccduru and qualuy control measurer not luted. 

Data m e w  p r m s r  pnor to pbhcauon of document B unknown The tunelmerr, 
level, and depth of m e w  not stated m doaunent 

No md~cauon d data wlleaon and d y s u  problems a f f d  the ccnnpletenesr of 
data :et Atsumptum is the loo$ of sampler collected wme d y  analyzed. 
No data quahfien presented with data. 

I DataRevlew 

6 DataQualuyJn&cators 

A Complcmur 

B C o m p a n b ~  

comhed Reject 

Bared on the data prerented it u not pornble to camparc or qmwcpts tbc nculu 
m tlus repon a other reports Samphg not performed bed an $pearl or 
temporal vananon. Analytical 

canblnd 

C Represenmvenesi I 
D Preasion 

E Accuracy 

I 

The data collected cannot be used for quantttattvc nak aaresment because only roll 
medur was sampled, and collected m a manner that may not mpresolt the true PU 
concentrotl~ni at the ate Only one exposwe pathway was rampled (sod) no au  
data B avhble  ducctly relatmg to the site 

No mcUUrn of the number of field blanka, duphcatca and atandud soll analysis, 
or d they wert even collected Results reponed as summary rather than unnplac 
data SCL 

Data summary dou not M C ~ U ~ C  mfomanon concermng percent ~ c o v w y  both for 
the field and analyucal samples 
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TABLE A1.9 

SOIL SAMPLING COLLECTION AND ANALYSIS FOR PLUTONIUM ON LANDS 
ADJACENT TO GREAT WESTERN RESERVOIR 

FOR THE CITY OF BROOMFIELD APRIL 10,1985 

Data Usepbhty C n t e ~  CommUuS 

1 R e p o r ~ t o R ~ s k  Repo~t lncludes p a d  aample locabma for Sites 200 202 No data get mcluded, RCJM 
Assessor only data summary No mterpretauon of data uscabd~ty No narrauw summary 

descdmg rpecLfic ramplmg or analyhd problems Rcsulu not quabfied for 
~ a l y ~ c a l  htatum: lnrerpreutlm of QC data not h d e d  Documcnr not 
generated for use m nak asrerrment 

2 Docllmentaum No work plan. samphg and analysu or Qurllty Assurance pro~ect plan prowled Reject 

dercrrptlon, no de- map p m d e d  wth sample locatumr 

may have been runoved pnor to sod samphg thus bumg the sample,  sample^ 
collected (II a random baru. rather than by urmg a low energy gamma detector 
such aa a FIDLER to locate mal sample pomta 

idenuiicaum of ramphg pomr not documented No docummuurn conccmmg 
devmon fnm sampkng and analysu plan or rundud opentlao p d m r  

Analyucll data mult~ reported ar avenger rather than mcludmg hot rpot vrlwr 
A Andpcal Compitc d sunpla taken, samples analyzed for 239 PU only No C h W  

andys~r performed. Solubdsy class for 239 PU not detemuned. 

B N~n-analytlcal No field m e a s m a t  data avrulable for site auch ax pamcle am. pH, clay content 
porosity of sod, wmd duecum. topography. respmtble fracuon of PU. depth of 
conurrrrrmum la sod. 

not ducnbed Method detectum h t s ,  sample speclfic quanutauon hmm uc 
percent recovery not atatcd rn npon Labontory pcrforaung analys~r arufied by 
EMSLLV (EPA Envlrauncnml Rad~oacawty Intacompmxca h g n m  

level and depth of renew not stated rn document. Level of q d t y  
a s s u d q d t y  control rewew unknown 

data SI% Assumpran ir that 100% of sampler collected wcrc comctly d y z d  
No data SUallfien presented wth data. Only PU analyzed 

A WPlSAF'QAPjP QulkfJI control statunents duphcated m IlIaley 1987 document Inadequate ntc 

B SOPs No d M  descnpuon of samphg dew Procedure: armaed, vegetrtlve cover Reject 

C F d a n d  No field logs or raw data avulable No cham of custody d a  selupon and RCJCU 
Analyhcal Records 

3 DataSourcer QurJrfied Accsp 

Reject 

4 Analyucal MCWI Anal- methods and procedurer refemced Qualuy control meuum rtrted hut ourllfisd Aooop 

5 DataRemew Data remew pnxxrs pnor to pubhcaum of document z1 unknown Thc tunclanerr, Rsject 

6 Data Qualuy Indicators No m&cauon If data collectlan and d y w  pmblanr a f f d  the completencsr of Samphg RcjW 

hw A Completeness 

-~~ ~ ~ 

B Compprab-dsy B a d  an the data presented u not poaslble to compare or qmvocatc the results Sam- Rcject 

mm RS)m 
m rhu report Wltb other ~ I Q  Samphg not performed baaed cm sped  or 
tanpod vanauon. 

ChllbUld kJ8U 

C Repres~vones :  'Ihe data annat bo used for a compnhmsive quanutauve nrk assament beaure Sampknp Reject 

Anrlytlcrl RaJca only roll medu w u  ampled. and collected m a manner that may ria rrprsrmt the 
vue PU conca~tnua~s at the ate Only one exporurc pethway war aampled (roil) 
No UT or water data is avulable d m d y  related to the nte combrnsd bJW 

F d  M.nLr. duphatu. and standard aoll analysu were performed but the nrultc 
wen rcpoaed 81 a summary rather than a complete data ret I D Preasion I 

CbIlhUd h J C U  

E Accuracy The repan state: a plurolllum tracer waa 236 PU was added to the roll amplea alter Sua- Reject 
compoamng to deteraune percent recovery However, no tracer was added to rbs 
field samples to a m r e  I@% recovery dunng the sod collemon and canpoatmg .e &ject 

procerr 
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TABLE A1.10 

REMEDIAL ACTION PROGRAM ON JEFFERSON COUNTY OPEN SPACE LAND IN 
SECTION 7, T2S, R69W SOUTH OF GREAT WESTERN RESERVOIR JAN. 15,1987 

Datl 

1 
I 

- 
2 

b 
’I 

UseaUty Cntena Comments 
Reports to k s k  
Assessor 

No data set mcluded. only data summary No rnterpretptlon of data useatnhty. no 
narrauve summary descnlnng specific samphg or andyacd pmblmu results not 
qudfied for analyacd lunuatlons Interpreraaon of QC data u mludcd. 
Document not generated for use m nsk assessment 

No work plan, samphg and analym plan, or Qrullty As~mnce P ~ J U X  pka 

Reject 

DoclmrmtaUon 
A WP/SAP/QAPp pmwded Inadequate slte dcscnptum, no detplled map w/sample ~ U O I I I  

B SOPS No d d e d  dcscnpt~on of samphg design Procedures ormrted, vegetruve cover Reject 
may have been m o v e d  pnor to sod samphg, thus b m g  the sunple. Samplu 
collect on random basis. rather than by usrng a low energy gamma detector ruch u 

C Field and No field logs or raw lnstnrmeslt data avculnble No cham of custody records. + A Andyacd 

concermng denauon fnm samphg and analysu plan or s ~ d a r d  openhng 
procedures 

Analyacd data results for composite sod  samples only no hgh or hot ipot data, 
samples analyzed for 239 PU only. no chmcd d y u s  performed and rolubhy 
class for 239 PU not deterrmned 

B N o n d y a c d  

Andyacd Methods t 
5 DataRevlew Data n n e w  process pnor to plbhatlm of document u unknown The tunelulerr, R e j d  

level. and depth of renew not stated m document. 

6 Data Quallty Indlcatora No rnd~cauon 9 data collccaon and analysis pmblans affected the completeness of S m $ q  RCJCC~ 

A Completeness No data qu.lrfcrs presented wth data mw & J a  
data set. Assumplon is the 10095 of sampler collected were comctly analyzed 

D Preasim 

Based on the data presented it is not possable to compare or eqrnvocrte the rerulu 
m thu report wth other repons Samphg not performed baaed on spead 01 

temporal vanatloh 

The data collected wMot be used for quanatsuve nrk aaresmmt becclurc only sod 
medm was ranpled. and collected m a manner that may not represent the true PU 
~ ~ n ~ ~ n t r ~ f l ~ n s  at the site Only one exposure pathway was sampled (sod) no au 
&u u available dyectly relating to the utc. 

E Accuracy Thc npon states a plutoruum tracer was 236 PU war added to the sod samples rftn 
comporitmg to detcrrmne percent recovery However, no tracer WSI added to the 
field samples to assure 100% ncovely dunng the sod collectlan and canposltmg 
proass 

’ Decision Accept, Qualified Accept, Reject 
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TABLE Al.11 

SPECIAL REPORT 1989 CDH SURFACE SOIL SURVEY RESULTS 

Assersor 

A WP/SAP/QAPjP I B SOPS 

C Ficldand 
Andyt~cd Rem& 

A Analyud 

No data set mcluded, aaly data summary No mterpretwon of data usub&ty, no 
narnave summary dercrhng speufic samphg or rnllyacrl probluns res& not 
qunhfkd for andyad lumtaaons Interpretanon of QC data u mcludd 
Document not generated for use m nsk assessment 

provlded Inadequate site descnpaon. no derPrled map w/rample louaonr 

~ J U X  

No work p h ,  samphg and andysu plan, or Qunhty Assurance project plan &J=t 

No detolled dercnphon of samphg deslgn Procedures ~rmned. vegeutlve cover 
may have been m o v e d  pnor to sod samphg, thua bmrmg the sample Samples 
oollect on random bans. mther than by usmg a low energy gamma detector such P( 
a FIDLER to locate p o W  sample pomu 

selection and i d d c a h o n  of samphg pomu not document, no docummuam 
concenung denaam fnm aamphg and andysu plan or atandud openang 

RCJCC~ 

No field logs or raw uurtnrment data avdable No cham of custody rccofds. 

proceduns 

No m&cat~on p9 to the d y t u  pedormed 

ReJW 

hJ- 

No field measunment data avdiibk for slte such as putlcle we, pH, clay content, 
mroaitv of aoL wurd duecam tooonnDhv 

I Analyad Methods No d y a d  methodr lusted Labontory pedomung analyns not stated RCJUX 

i DataRenew Data nmew process pnor to pubhcaaon of document u unlwown The tunelmerr. RCJW 

i Data Quallty In&catm No m&catton d data collcctm and analyiu problunr affected the compl~cncrr of SampLno Reject 

level, and depth of ~ c n c w  n a  stated m doauaent. 

data set Assumpuon is the 1009b of sampler collected WQC comctly d y d  
A completenu: No data qunhfiers presented wth data h & I C d  kJCd 

Based on the data presented u not posrlble to mmpue or equ~vocatc tbe re& 

tonpod vanatam Some data repolted as d@g other data reported 01 puu per 
m thls repon wth other rcpom Sampling not pafonmed based on spcur l  or 

Samgylo Rejsct 

ww b J a  

comlnntd Relea 
, 

C ~ Representnuvmess The data collected canuot be used for quanntmve nsk assessment becruse only a d  
medtp w(u sampled and collected u1 a manncr that may not repnsmt the true PU 
conmmnoni at the site Only one expsure pathway wag rampled (rod) no UT 

data IS avpllable duectlv relatlnn to the slte 

Sam- Re- 
hdyUCd k J U X  

D Preusion No m&cntm of the number of field blank dupkcater and standard d d y s u  or Sunptal RCJUX 

Wytlcrl &J- 
d they were even collected Results reporred as summary rather than completed 
data set. 

COUIbmSd RSJ(M 
E Accuracy Data summary dou not lnclude dormanon conerung percent recovery both for Smpllno ROJUX 

Anrlyhcrl k J e  

CCRlIblnd bJCd 

the field and andpca l  samples 

DecLplon Accept, Q d f W  Accept, Reject 
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TABLE A1.12 

STANDLEY LAKE FISH TOXICS MONITORING REPORT, JANUARY 1990 

Data Useatnhty Cnteno 

Assessor 

CommCnt8 Deaaan' 
CalculPtlms of nsk from boac uptake mcluded Suffiuent fiah samplurg 
performed at Standley Lake to charactwrze thls pathway Sunplurg lumtal to 
Standley Lake, so results do not apply to Great Western Resewow or Mower 
Reservoir Rcsulta qudficd for analy~cal I ~ I U  Document generated for use III 
nak assessment. 

Acccp fa Standley 
Reject fa  Mower 
Reject fa  Gmt Wenua 

2 Documentaaon 
A WPISAPQAPP 

EPA sample mllectloa methodology referenced No hbhogmphy prowdcd No 
w o k  plan samphg and analysu plm. or qurllty asaurmce prow plan pronded 
Inadequate site. descnpaon. but map pmvlded w h  g m e d  site samphg l o c a t l m S  
CDH Analyacal Sample Methodology for d e m c e  

Qurllfied A e f a  Standlq 
Reject for Mowa 
Reject f a  Grut Wutern 

B SOPS Some descnptmn of sample collecuon and handhg Procedures referenced QuaMd Accsp f a  Standley 
Rejed for Mowa 
Reject f a  wt WUtem 

C Field and No field logs a raw data avdable Idcnttficau~n of samphg locanon1 mcludd Acwp f a  Srrnmey 
Annlyacal Recorda Reject f a  Mowa 

Reject f a  Oreu Western 

3 DataScurcer Pu-239, Pu 240, and 21 other gamma-wnmng firsion productr analyzed Am 241 Quddied Accsp f a  Standley 
A Analytacal not analyzed Pesttclder and heavy muds analyzed Reject f a  Mowa 

Releu f a  Glut  weltern 

B  NO^-analyacal No &scussicn of why spcufic speaes of fish collected No ~UCUJSIC~ of potenarl 
mechantm! of bmaccumulaaon Reject Mower 

RCJCC~ St~dley 

Reject Qrut Wenem 
I Andyad Methodi Andyad methods and procedures referenced Dupkcate d y a l r  performed on Qurllfied Accept f a  Standley 

channel catfiuh canposlte. for qupllty control Quality control meaaumnentr not 
SDcClficall~ descnbed 

Reject far Mower I Rerect f a  Grut weltem 

I DataRevlew 

5 Data QuPkty In&catmr 

A Completeness 

B Comparabd~ty 

C Representamvaress 

D Precision 

E Accuracy 

I 

Deusion Accept,Quahfic 

' Data remw process pnor to pubkcaaon of document UI unknown Level and depth QuAfid Accept far Smdlry 
Reject f a  bhh'Cf 
Reject fa Grut Wsrtsm 

of renew not stated 

No m & w o n  If data collcc~m and analysu problanr affected the compktmerr of 
the data set Data quahfien presented with data 

I I 

I I 

I 
Accept, Reject 
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TABLE A1.13 

INTERIM REPORT ON SAMPLING AND ANALYSIS OF SEDIMENTS 
AND CORES FROM GREAT WESTERN AND STANDLEY RESERVOIRS, 

DECEMBER 20,1973 

Data Useabhty Cntem I Comments I 
R c p m  to Rlsk 
Assessor 

Report mcludu sample locatlms for site, however, data nsulu canna be comhtcd 
wth dl sample locanons based on mformatlon pmwded m do cum en^ No data sets 
mduded, only data summary No lnterpntat~ms of data uacabhy No narrahve 
derabmg why muffiaent sampler wen taken for ~-~&onu&& analys~r No 
comhtton af gamma peaks luted m Table KU wuh speafic nctanuclrdu 
Document not generated for use m nsk assessment Intenm report doer not 
reference apeafic data sourcw for summary of analyud nsulta 

B SOPS 

C Field and 
Andytlcal Recordr 

N O  Wok plan, samphng and analysls plan, or quakty aasurancc project plan 
prowdcd Maps prowdcd mth gaeral locations of sample pomts Table lV doer 
not pmnde locatlms of samphng 

The summay of pmnous data dou not reference spcufic rcdunmu or con 
collccQon of redrment SampLne p d u r e s  

No field logs or raw data avdable No cham of custody d s  selecaon and 
identlficatlm of samphng y t s  not documented No d o c w n a o n  provided 
desabmg why ctmm sampler were muffiucnt for analysir No doarmmtaaon 
for dewtlon from samphg and analysls plan or rtandnrd apenMg proocclurei 

luted 

Data ~wrces I Analysls of radlonuclldc performed 
A Andvt~cal 

B Nonpnalytlcal No field mu-ents avdable for site specific physical paMletcn hJ& 

Andpcal Methodr Anolytlul methods not stated Qu&y caw01 meaami not rtated Rephcuc hJ- 
andynr not performed C m M g  mtrument brdrground valua kned Method 
detectum lunu percent rccov~y, W ,  and MDA not stated Lnbomtones 
perforrmng andyna not idcntlfied 

assurandauahw control revlew unknown 
Data Revlcw Data renew procers pnor to plbkcatlon unknown Level of grukty hJ- 

Data Quakty Indxcaton 

A Completeness 

No explanatlon of lnndequate sample dcsignaaon for a number of sample locanons 
Aasmptlon ia  that 100 percent of sampler collected w e n  conectly a n d y d  No 
explanatma as to why somc samphg pomts ldenufied on map do not have 
comspondtng d p c a l  data No dam quahfiers pnsmted wth dam Am, H', Pu, 
Sr, Co. and ahcr radwnucltder wen analywl 

No percent recovery d y s u  performed No ducnploa of QAKJC data. No 
d0Wne.nte.d QA nnew I 

~~ ~ 

E Accuracy 

' h i o n  Accept, QunMcd Accept, Reject - 1 
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TABLE A1.14 

GREAT WESTERN RESERVOIR SEDIMENT CORE DATA 
GRAPHS, FEBRUARY 1985 

DECEMBER 20,1973 

Data Useahhty Cntetll 

Aascssor 

A WBAPMAPjP 
B SOPS 

C Field and 
Andyad Recordn 

3 DataSauces 
A Andyacal 

B N~n-pnrlytlcrl 

4 AnalyadMethods 

5 DataReww 

6 DataQuahtyIndlcaton 

A Completeness 

B Compaxabfity 

C Rcpnsentaavaess 

E Accur~cy E 

I A cover letter is attached to the documat that provlder a d d m 4  conclumi (u to Qlullsed A c a p  

No work plan, s m p h g  and malysu plan, or qurkty ainuance pro~ect plan ReJW 
pro~dcd No sue descnpon. but site map prondsd wth sample locaaons 

No field logs or raw data avdable No cham of custody d s  No ReJect 
doaunentaoon conarmng dewanon fmn samphg md d y s u  plan or staudard 
v w  Pn=dUM 

Samples not analyzed for Am-241 ReJ- 

No field mar-cnt data ovpllnble for site such as pnzucle sue, pH. clay cartcat, R e j ~  

Data =new p m s r  pnor to plbhcaaon of document u unknown The tuneImerr. 
level and deph of ~ c n e w  not stated 111 dowment. 

No m&c&on If data collection md analyru pmblanr affected the canpleteaua of 
the d m  set No data q d e n  pnsented wtb data Am-241 not rnrlyzed 

Reject 

Smnplq Reject 

coinhod ReJeu 

Sam& RCJW The attached letter to the report m&catcs that a Werent smphng methodolopa 
were used In thw npon 

AIldYUCd b J W  

~bllld &JCU 

The data may represent the actual mncentratms of Pu m sediment but suppomng 
documenmaon not pmdcd. 

Sam* QruLfied Accept 
Andyad QurllfiedAcccpt 

lnduded No documented QA xcnew 
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TABLE A1.15 

PLUTONIUM LEVELS IN THE SEDIMENT OF AREA 
IMPOUNDMENTS ENVIRONS OF THE ROCKY FLATS PLUTONIUM PLANT 

FEBRUARY, 1975 

Data Usealnhty Cntem CanmentS  
I 

Reports to ILsk 
Assessor useabhty No narntlYe summary dercnbmg spedic iamplmg or uulytlcrl 

Report urcludea only acdunent samphg for Sites 200 202 No mtrcpuauon of data 

~roblanr Document not nencratcd for use UI nsk arrummt. 

Reject 

DonrmentaROll 
A WP/SAP/QAPjP pmwdcd Detded map of samphg locahona provided. 

No WOIIC plan, samphg and rmalysir plan or qualuy assurance pro~ea pl.n ReJW 

B SOPS No durcnptm of samphng desw Procedures anuted. ReJ- 
- 

C Field and No field logs or raw data avdahle Selcchm for prx;ers for samphg polntr not RejCCt 
Anslyacal Recorda documented 

Data Sources Analy~cal nsulta reported by depth W d  Accep 
A Analyacal 

B NonanaIyad 

Analpcal Methods 

- - -__ 
No W d  musuranenta data avpllpble for ate. such as puplcle me. pH, clay 
contmt, poroslty of sal, wmd durctlon, topography, etc 

Analyhcal methods and proceduns not referenced Quality wntml mcaaurrmurtr RCJW 
not dwcnbcd Repkcate analysu not performed Method detcct~c~ huts. percent 
recovely, LLD and MDA not stated. 

fiJ& 

Data rc.mw process pnor to pubhcahon of document unknown The tunelurur, 
and de& of renew not stated m document. 

- ~ -  - - -  - - 

Data Renew 

Data Qualuy Indtcotors No mdtcatlon If data collec~on and analysu problems affected the coznpleteness of 
data sets Asrumplon is that 100 percent of aamplc~ collectal were axrcdy 

A Completenurs analyzed No data qunhfien presented Hnth data 

CQnbDled QurhtiedAccept 

W Y Q ~  W d A c a p  

C RepmsentWvmeai Thls data may reflect the CQncentrahonP of plutomum UL acduncnt, but no other Samphg Quhfid Acap 
pathways have bem c h a r a c t e d  

canbinsd QdfidAccep 

D Preaaion No field blank& tnp blanks, mtemal standards, or staudard sedunmt aamphg SMpknO RCJCCt 

hd- R C J a  

~ h d  b J G U  

rylalysia was perfomcd. R c p b t e  analyau not performed. Data set: not mcludcd 
Countmg ermr not stated. 

' 

E Accuracy Percent recovery d y a u  not pedomed kscnphon of rrrrmmum QNQC data not Sunphg RCjeCt 

ww R C J a  
mduded No documented QA renew No tracer to field samplw to usurc 100 
percmt recovcly 

COllhIld &Ja 
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TABLE A1.16 

SURVEY OF RESERVOIR SEDIMENTS, JUNE, 1974 

Comments I 
Reports to Ruk Report ~ ~ ~ c I u & s  only ~ h e n t  samphg for Slte~ 200-202 NO m m m  of data Reject 
Assessor uscabhty No n m v e  summary descnbmg speufic samphg or d f l c a l  

D I Q ~ ~ P ~ S  Document not ~enerated for use m nsk assusment. 

Documentahon 
A WPISAPMAPP ~romded Detluled maD of S S I I I R ~ ~ I Z  locaaons pnwrded 

I No work plan samphg and analysu plan or quahy assurance pmpct plan 

B SOPs No descnptm of sampllns design Pmccduns ormtted kJ- 
C Fwldmd No field loga or raw data avdable selection for procerr for r m p h g  polnu ncx RCJ- 

B Nondyacal  No field m w m e n u  data avrulable for ate, such aa pprrrde nze, pH, chy *J- 
content, porosity of sod, wmd b c a o n ,  topography, etc 

Analpcal methods and proadurcs not refennced Quahty cmtml rnwumnenu RCJCU 
not deacnbcd Repllcnte l a a l y s ~  not performed Method detectzcm k u ,  percent 
recovery. UD and h4DA not stated. 

Data Remew I Data nvlew pnces8 pnor to publtcahon of document unknown ' he  tunclmms, I RCJW 
level and deuth of m w w  not stated m docummr 

Data Qualaty In&catm No m&wm d data collection md d y m  prohlans affected the comnpletenesr of 
data seta Assumptm is chat 100 percent of sampler collected wen comdy 

Sam- Reject 

A Completcnus analyzed No data quakficn pnsented wlth data hdfld h J S a  

cblllbmd hj- 

B Comparabhty It seems that sample p m u  taken hen may be comparable sample pomu m ctbcr Smphng QruLfued Accept 
reporu Coodnatcs not 8iven Core and scdmmt  samplmg piutdly canparable 

' I to aqder m other npons 
Combed OUrkfisdAcap 

C Rcpresentatlveness Thls data may rdeu the mmtrahons of plutoluum m sedunent, but no other Smphg Qu&kd Acccp 

An.lytlcrl OUrkfisdAccept 

Combmed QruLfuedAcccpt 

pathways have been charactenzed 

D Pnasion No field blanks. tnp blauks, mtemal standards, or sundud  redunent ramphg SM- Re)- 
andymr was performed Replicate anslyas not perfonnd Data sets not mcludcd 
Counung error not stated ' kJSa 

Combed Reject 

E Accuracy Perant recovery ~ Y S M  not performed Descnptlon of rrrrmmum Q&QC data not Sun- bj- 
mcluded No documented QA nnew No tracer to field ampler to asmn 100 
percent recovery 

Aadyad 
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TABLE A1.17 

HISTORY AND EVALUATION OF REGIONAL 
RADIONUCLIDE WATER MONlTORING 

Data Usealnhty Cntena Comments 

Reports to h s k  
Assessor useabd~ty No narrauve summary descnbmg speufic s m p h g  or d y n c a l  

Repon mcludes only scdunent samphg for Sites 200-202 No mtrepeum of data 

problems Document not generated for use m nsk assessment, 

RCJW 

Documentauon 
A WP/SAP/QAPjP provided Detplled map of samphg locanons provided 

NO wotic plan, samphg and analysts plan or quallty assurance project plan &JW 

B SOPs No descnplon of s m p h g  design Procedures d ReJ- 
C Field and No field logs or raw data avdable Selection for process for samphg pomu na( Reject 

Analyt~cal Records documented 

Data Sources Analyt~cal resuIu reporred by depth W d  Acccp 

B Non-dyhcal No field mearurementa data avahble for ate, such u portlcle am, pH, clay 

A Analpcal 

ReJect 
content, poroaity of soil, wmd dmchon, topography, etc 

not deacnbed Rephate analysts not performed Method detectlm b u .  percent 
recovely, LLD and MDA not stated. 

level and depth of nmew not stated UI document. 

No m&cauon If data collecuon and d y s u  problanr affected the complaemrr of 
data seta Assumploll IS that 100 percent of sampler collected we= comaly 

Analyhcal Methods Analyt~cal methods and procedures not referenced Qwllry cc~trol munuanen& &jsct 

Data Revlew Data rewew process pnor to pubhcatmn of doaunent unknown The trmetnera. Reject 

Data Quakty In&cators 

A Completeness analyzed No data quahfkrs presented wth data 

B Comparabhy 

Smpllao RsjOCt 

RC)ect 

h h d  ReJsd. 

It seems that sample pomts taken here may be comparable ample polnu m other 
npons CoorQnrtes not given Core and scdunent samphg p a d y  canpmble 
to aqder m other reports 

pathways have been c h a r a c t e d  
Thu data may reflect the concentmuons of pluto~~um 111 s e h e n t ,  but no other I C Representatlvmess 

1 No field blanks. trm Manks. lntemd standards. or standard sdunmt s m D h n  I s m d u  I - -  
mm l & J a  

analysls was pUf0r;ncd. Replicate analysu not performed. Data s a  not A d d  I Counung e m r  not stated. 
I lcombmsd IRClect  

E Accuracy Percent recovery d y s u  not performed DeSCI’IptIon of muumum QA&C data not S.mPtng I mcluded No documented QA review No mcer to field r m p h  to a s m  100 
pe-t -very 

RFPapr200 a 

I 

061291 



TABLE A1.18 

e 

0 

GREAT WESTERN RESERVOIR SPILLWAY 
SEDIMENT SAMPLING PROGRAM 

PHASE I AND II 
Data Useptnkty Cntcna COIlBIlClltE I 

Reports to h s k  
Assessor 

Narrah~e summary mcluded mtcrpr~tat~on of data 

Samphg and analysi~ plan mcluded QA referenced plan 

B SOPI SOPS mcludai or referenced 

C Field and No field or raw data avalable Selection proars for samphg pants rcferaccd. 
Analyncal Records 

Data S0urce.a 
A Analyacal 

Analyt~cal nsults reported m PCJB for Pu An analyw performed vntb ~ t ~ d u d  
dewauon statanent 

B Nonanalpcal No field requtmnents dta avarlsble for site such as pmcle me, pH, clay conrent, 
pomity of so& wmd dyecoon, topography, etc. 

Analytical methods and procedures referenced QC mahods refermced repllcote 
analysis performed Method detcchon luau, percent recovely. LLD and M D A  
slated 

Analpcal Methods 

Data Review Data m e w  process pnor to pubhcaaon of document IS unknown The umeherr. 
level, and depth of m e w  not stated m document. 

Data Quallty Indicators No m&mon of data mk&m and analysis problems affeued the cunpletcnws of 
data sets Aasurnhm IS that 100% of sample8 coUected wen a m d y  analyzed 

A Cwnpletcnur No data qurlrficn pseated w h  data bllblnd &JS! 

B h P a *  It s e m i  that sample polnu &en here may be comparable to sample pomu m other Smplrno QualfIed A c a p  

C o m W  QurllfiedAccep 

C Repnsentauvmess l b s  data may reflect the concmtrahons of pluroruUm m sedunmt, but no other Samphg Qpukfieed Accsp 
pathways have bem charactenzed 

~ 

D Preasion Field blankc used Repllcate analysis perfomed Counttng c n u  stated. sampluro A- 

E Accuracy 
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1.0 THE NATURE OF RISK ASSESSMENT 

Regulatory actlons are based on two &stmct elements, nsk assessment, the subject of thls study, a 
and nsk management k s k  assessment is the use of the factual base to eshmate the potenhd 

health effects of possible exposm of inchduals or populaoons to hazardous matenals and 

situahons fisk management is the process of weighmg poky dternahves and selectmg the most 

appropnate regulatory achon, mtegratmg the results of nsk assessment with engmeemg data and 

wth soclal, econormc, and pohhcal concerns to reach a decision 

fisk assessments contam some or all of the followmg four steps 

Hazard idenaficatlon The determmahon of whether a pamcular chemcal is or 
is not causally W e d  to pamcular health effects 

Dose-response assessment The &termmatron of the relahon between the 
maptude of exposure and the probability of occurrence of the health effects m 
quesoon 

Exposure assessment The detemahon of the extent of human exposure before 
or after apphCahOn of remaid controls 

FUk charactenzahon The descnptlon of the nature and often the maptude of 
human nsk, mclubg attendant uncemty 

In each step, a number of decision polnts (components) occur where llsk to human health can 
only be mferred from the avadable ewdence Both scienafic judgements and pohcy choices may 

be mvolved m selectmg from among posslble inferenoal bndges, therefore the term (hsk 

assessment pohcy" is used to Wenmaate those judgements and choices from the broader social 

and economc poky issues that are lnherent m nsk management decisions 
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2.0 TERMINOLOGY 

Despite the fact that nsk assessment has become a subject that has been extensively d~scussed 
e 

111 recent years, no standard d e f h h O n S  have evolved, and the same concepts are encountered 
under ddferent names The followng SeChOnS dtscuss the vanous terms and components 
common to nsk assessments and nsk management studes 

2 1 RISK ASSESSMENT AND RISK MANAGEMENT 

b k  assessment is used to mean the charactenzation of the potenaal adverse health effects of 
human exposures to enwonmental hazards Rzsk assessments lnclude several elements 
descnpaon of the potenaal adverse health effects based on an evaluation of results of 
epidemoloQc, clmcal, toxlcologx, and enwonmental research, extrapolaaon from those results 
to p d c t  the type and esamate the extent of health effects m humans under even condluons of 
exposure, judgements as to the number and charactensacs of persons exposed at vmous 
mtensiaes and duraaons; and summary judgements on the exlstence and overall maptude of the 
pubhc-health problem. k s k  assessment also mcludes charactenzation of the uncertamaes 
mherent rn the process of mfemng nsk 0 
The term nsk assessment is often gwen nmwer and broader memgs than adopted here For 

some observers, the term is synonymous wth quanhtaave nsk assessment and emphasizes 
rehance on numencal results A broader defmhon mcludes quanufkation, but also lncludes 
quahtative expressions of nsk Quanatative esamates of nsk are not always feasible, and they 

may be eschewed by agencies for pohcy reasons. Broader uses of the term also embrace analysis 

of perceived nsks, compansons of nsks associated wth ddferent regulatory strateges, and 
occasionally analysis of the economc and social mphcaaons of regulatory decisions -- funcoons 
that are assigned to nsk management 

The term nsk management is used to descnbe the process of evaluatmg alternative regulatory 
achons and selectmg among them Rzsk management, whch is carned out by regulatory agencies 
under vmous legslatwe mandates, is an agency decision-makmg process that e n d s  
consideraaon of pohacal, social, economc, and enpeenng UIfOrmaaOn wth nsk-related 
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mformaaon to develop, analyze, and compare regulatory options and to select the appmpnate 
regulatory response to a potenaal chromc health hazard, The selecaon process necessatrly 
requms the use of value judgements on such issues as the acceptabhty of nsk and the 
reasonableness of the costs of control 

@ 

2 2 RISK ASSESSMENT COMPONENTS 
fisk assessment can be drvlded mto four major steps hazard idenafkaaon, dose-response 
assessment, exposure assessment, and nsk charactenzaaon A nsk assessment mght stop wth 

the first step, hazard idenaficaaon, If no adverse effect is found or d an agency elects to take 
regulatory achon wthout further analysls, for reasons of pohcy or statutory mandate For thls 

site, the hazard rdenbficatlon, although mcomplete, has dehtely estabhshed that plutonium is 
present, and thus must conhnue through the subsequent steps 

Of the four steps, hazard iden~caaon is the most easily recogmzed m the acaons of regulatory 
agencies It is defined hem as the process of d e t e m g  whether exposure to an agent can cause 
an mcrease m the mcidence of a health condmon (cancer, buth defect, etc) It mvolves 
charactenzmg the nature and strength of the ewdence of causaaon Although the questlon of 
whether a substance causes cancer or other adverse health effects is themacally a yes-no 

qUeShOn, there are few chemcals on which the human data are &Wave Therefa, the 
questson is often restated m terms of effects m laboratory d s  or other test systems, e g , 
"Does the agent mduce cancer rn test ammals?" Positlve answers to such quesaons are typically 

taken as evldence that an agent may pose a cancer nsk for any exposed humans Informatson 
from short-term in vltro tests and on structural s d a n t y  to known chemcal hazards may also 

be considered 

0 

Dose-response assessment is the pmcess of charactenzmg the relaaon between the dose of an 

agent admmsteted or received and the mcidence of an adverse health effect m exposed 
populatlons and estunatmg the mcidence of the effect as a funcaon of human exposure to the 

agent It takes account of mtensity of exposure, age pattern of exposme, and possibly other 

vanables that mght affwt response, such as sex, hfestyle, and other rn-g factors A dose- 
response assessment usually qwres  eXtrapolmOn from hgh to low dose and eXtrapo1ahOn from 
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anunds to humans A dose-response assessment should descnbe and jusafy the methods of 

extrapolahon used to m c t  mcidence and should characterne the stahsacd and biologx 

UnceftEUnaes in these methods 
@ 

Exposure assessment is the process of measunng or eshmatmg the intensity, frequency, and 

duraaon of human exposures to an agent currently present ln the enwonment or of estunatlng 

hypotheacal exposures that mght anse from the release of new chemcals lnto the environment 

In its most complete form, it descnbes the maptude, duraaon, schedule, and mute of exposure, 

the size, name, and classes of the human populauons exposed, and the uncemaes m all 

e s m t e s  Exposure assessment is often used to identdj feasible prospecttve control opaons and 

to predict the effects of avdable control technologes on exposure 

Fbsk charactenzauon is the process of esamatmg the mcidence of health effects under the vanous 

condluons of human exposun descnbed m exposure assessment It is performed by combuzlng 

the exposure and dose-response assessments The summary effects of the uncertamttes m the 

preceding steps are descllbed ln thls step 

0 
The relanons among the four steps of nsk assessment and between nsk assessment and nsk 

management are depicted m Figure B-1 The type of research dormahon needed for each step 

is also Illustrated 
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3.0 SCIENTIFIC BASIS FOR RISK ASSESSMENT 

3 1 STEP 1 HAZARD IDENTIFICATION 
Although the nsk assessment process as it is currently pracaced by federal agencies for the 
eStlmahOn of carcmogemc nsk contams several relaavely new features, the scienafic basis for 

much of the analysis done m nsk assessment is well established This is especially true of the 

first step m the assessment process, hazard identlficaaon Four general classes of infOImahOn 
may be used m thls step epidemologc data, anunal-bioassay data, short-term stu&es, and 

compansons of molecular structure 

I 

3 1 1 E~idem010m~ data 

Well-conducted studes that show a posiave associaaon between an agent and a duease are 
accepted as the most convmcmg evldence about human nsk This evldence is, however, Mficult 

to accumulate, often the nsk is low, the number of persons exposed is small, the latent penod 

Thus, 

epidemologc data requm careful mterpretanon Even If these problems are solved sansfactonly, 

the preponderance of chemcals m the enwonment has not been studed wth epidemologc 
methods, and we would not wsh to release newly produced substances only to ducover years 

later that they were powerful CarClIlogemc agents These hmtahons reqw rehance on less 
dmct evidence that a health hazard emsts 

I 

, between exposure and ducase is long, and exposures are med and mulnple 

1 

3 12 Anunal Bioassav Data 

The most commonly avatlable data m h d  idenaficaaon are those o b w e d  from d 
bioassays The mterference that results from d experiments are apphcable to humans is 

fundamental to toxxologx research, thls premse underhes much of expenmental biology and 

m d c m e  and is logcally extended to the expenmental observaaon of carcmogemc effects 

Despite the apparent vahd~ty of such mferences and thelr acceptabhty by most cancer 

researchers, there are no doubt occasions m whch observaaons m anunals may be of hlghly 

u n c e m  relevance to humans 
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Consistently posiave results m the two sexes and m several strams and species and hgher 
mcidences at hlgher doses consatute the best ewdence of carcmogenicity, More often than not, 
however, such data are not avadable Instead, because of the nature of the effect and the b t s  
of detecQon of d tests as they are usually conducted, expenmental data leadmg to a posiave 
fmdmg somemes barcly exceed a staasacal threshold and may mvolve tumor types of uncemn 
relaaon to human carcmogenesis Interpretaaon of some d data may therefore be Mficult 

Notwithstandmg uncemaes associated wth mterpretaaon of some anunal tests, they have, m 
general, proved to be rehable mdxators of carcmogemc propemes and wdl contmue to play a 
pivotal role m efforts to identlfy carcmogens 

3 1 3  Short-Tern Studles 
Considerable expenmental ewdence supports the proposiaon that most chermcal carcmogens are 

mutagens and that many mutagens are carcmogens As a result, a posihve response m a 
mutagemcity assay is supportive ewdence that the agent tested is llkely to be carcmogemc Such 
data, m the absence of a positwe d bioassay, are rarely, If ever, sufficient to support a 

conclusion that an agent is carcmogemc Because short-term tests are rapid and mexpensive, they 
are valuable for screemng chermcals for potenhal carcmogemcity and lendmg addmonal support 
to observations from d and epidemologx mvesagahons 

0 

3 1 4  1 
Compansons of an agent’s chermcal or physical properhes wth those of hown carcmogens 
prowdes some evidence of potenaal carcmogemcity Expenmental data support such assmaaons 

for a few structural classes, however, such studles a~ best used to ident@ potenbal carcmogens 
for further mvesbgaaon and may be useful m pnmty-semng for carcmogemcity testmg 

I In a small number of mstances, epidermologx data perrmt a dose-response relahon to be 

developed dvectly from observaaons of exposure and health effects m humans If epidemologc 
data are avdable, extraplahons from the exposures observed m the study to lower exposures 
expenenced by the general popdahon are often necessary Such extfBpolaaons mtroduce 
uncemmty lnto the estmates of nsk for the general populahon UncertamQes also mse because 
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the general population mcludes some people, such as children, who may be more suscepQble than 

people m the sample from whch the epidermologc data were developed 

The absence of useful data is common for most chemcals being assessed for carcinogenic effect, 
and dose-response assessment usually entsuls evaluahng tests that were performed on rats or mce 
The tests, however, typically have been designed for hazard identification, rather than for 

determmng dose-response relanons Under current teshng PrachCe, one group of d s  is 
gven the lughest dose that can be tolerated, a second group is exposed at half that dose, and a 
control group is not exposed. (The use of lugh doses is necessary to II18wrmze the sensitiwty 
of the study for determmng whether the agent bemg tested has carcinogemc potennal) A 

fmdmg m such studes that mcreased exposure leads to an mcreased mcidence has been used 
pnmanly to corroborate hazard idenflicanon, that is, to show that the agent does mdeed mduce 

the adverse health effect 

The testmg of chemcals at hgh  doses has been challenged by some sciennsts who argue that 

metabohsm, or chemcals dlffer at lugh and low doses, i e., hgh doses may overwhelm normal 

detoxlficanon mechmsms and prowde results that would not occur at the lower doses to wluch 
humans are exposed. An addmond factor that is often riused to challenge the vahdty of anunal 

data to mdcate effects m man is that metabohc Merences among 8Illfl181 species should be 
considered when anunal test results are analyzed Metabohc uferences can have mportant 

effects on the vahdty of extrapolatmg from a m d s  to man d, for example, the actual carcmogen 

is a metabohte of the admmstered chermcal and the d s  tested Mfer markedly from humans 
m thex prOdUChOn of that metabohte A related pomt is that the actual dose of carcmogen 

reachmg the affected nssue or organ is usually not known, thus, dose-response information, of 

necessity, is based on adrmrustered dose and not nssue dose Although data of these types would 

cemnly mprove the basis for extrapolatmg from lugh to low doses and from one species to 

another, they are Wficult to acqm and often unavadable 

0 

Regulators are mterested m doses to wluch humans mght be exposed, and such doses usually 

are much lower than those adrmrustered m amml studes Therefore, dose-response assessment 

often r e q m s  extrapolatmg an expected response curve over a wde range of doses from one or 
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I 

two actual data pomts In addmon, Mferences m size and metabohc rates between man and 

laboratory d s  reqm that doses used expenmentally be converted to reflect these 

Mferences 
0 

3 3  STEP3 EXPOSURE ASSESSMENT 
The fvst task of an exposure assessment is the deterrmnahon of the concentraaon of the chemcal 

to whlch humans are exposed Thls may be known from dmct measurement, but more typically 
exposure data are rncomplete and must be e s m t e d  Models for esamaang exposure can be 
complex, even m the case of structured acawty, as occurs m the workplace Exposure 

measurements made on a small group (e g , workers m a paracular mdustnal firm) are often 
apphed to other segments of the worker populaaon 

Exposure assessment m an occupaaonal semng consists pnmanly of esamaaon of long-term 

arborne exposum m the workplace, however, because an agent may be present at vanous 

concentraaons m &verse occupaaonal sethngs, a census of exposures is Mficult and costly to 

conduct. In the commumty enmnment, the ambient concentrahons of chemcals to whlch 

people may be exposed can be eshmated from emssion rates only If the transport and fate 
processes are known. Alternaave enpeenng control opaons drfftrent e s m t e s  of the 

reducaon m exposure that may be adueved. For new chemcals with no measurememt data at 

all, rough e s m a o n s  of exposure are necessary 

1 @ 

Some chemcal agents are of concern because they are present in foods or may be absorbed when 

a consumer product is used, Assessments of exposure to such agents are comphcated by 

vanaaons rn &et and personal habits among Mferent groups m the populaaon Even when the 
amount of an agent rn a food can be measured, Mferences in food storage pracaces, food 

preparaaon, and &etary frequency often lead to a wde vanaaon m the amount of the agent that 

mdmduals mgest. Patterns of use affect exposure to many consumer products; for example, a 
solvent whose vapor is potenaally toxlc may be used outdoors or it may be used m a small, 

poorly venalated room, where the concentraaons of vapor m the m is much hgher 
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4.0 USER’S GUIDE: RADIONUCLIDE CARCINOGENICITY 

The Health Effects Assessment Summary (HEAST) Table C summarizes the cancer slope factors e 
and unit nsk values for selected rdonuchdes of potenhd concern at Superfund sites 

contarmnated wth d o a c a v e  matenals monuchdes speclfic to Sites 200-202 are hsted m 
Table B 1 These values were calculated by the Office of Rdaaon Programs (OW) and are 

mtended for use by EPA nsk assessors dunng human health nsk assessments conducted as part 

of the Superfund remdal mvesagaaodfeasibdq study (RUFS) process HEAST users should 

apply these values as specified by the rachaaon nsk assessment guidance prowded m thls secaon 

and m Chapter 10 of the ksk Assessment Guidance for Superfund, Volume I, Human Health 

Evaluahon Manual, Part A (EpA/540/1-89/002), whch is avadable from the Center for 

Enwonmental Research Infonnaaon at (513) 569-7562, As nsk assessment methodologes are 

refmed, slope factors and W t  nsk values wdl be revlsed and updated ~fl Table B 1 

EPA classifies all radtonuchdes as Group A carcmogens based on thelr property of emtting 

iommg d a b o n  and on the extensive weight of evidence prowded by epidermologcal stuches 

of rdahon-mduced cancers m humans Data denved from both human stuches and anmal 

expenments are used by EPA to construct mathemaacal models of exposure, dose, and nsk to 

esamate rdonuchde slope factor values These models consider pathways of exposure, the 

chsMct metabohc behawor of each element by compound and the d o l o g m l  charactenstux of 

each nuchde of concern, the tunc and duraaon of exposure, the rdosensiavlty of each target 

organ ~fl the body, the latency penod for cancer expression m these organs, and the age and sex 

of mchviduals m the exposed populaoon 

Slrmlar to chermcal nsk models, rahaaon models extrapolate cancer nsks at low dose and dose 

rate exposures from nsks observed at hgher doses usmg non-threshold, hear  dose-response 

relaaonshps Because of the rdaaon nsk models employed, slope factors for rachonuchdes are 

charactenzed as best esamates (1 e , maxmum hkehhood esamates) of the age-averaged hfeme 

total excess cancer nsk per u t  mtake or exposure HEAST users should consult Volume I of 

the Background Infonnaaon Document for the Draft Enwonmental Impact Statement for 
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I Proposed NESHAPs for Rdonuclides (EPA 520/1-89-005) for a more deta~led Qscussion of 

0 EPA's cunent racfiaaon nsk assessment methodology 

I Quanhtanve carcmogemc factors hsted m Table B 1 mclude the followmg 

slope factor = nsk per wt mtake of exposure = nsk per pCi h a l e d  or mgested or as 
nsk per year per pCl/m2 due to external exposure 

pathway-specific umt nsk = nsk per umt concentranon m ax, dnnkmg water or soil 
(external exposue) = nsk per pCdm3 (au), nsk per pcJL (water), nsk per pCdg 
(external exposure), or nsk pCdg (sod mgesnon) 

Unit nsk esmates for ax, mhalahon, dmlang water, and sod mgeshon pathways prowded in 
Table C were calculated by muluplymg the appropnate mhalanon and mgesnon slope factors by 

the lnhdaaon rate (20 m3/day), the water mgesaon rate (2 wday), or the sod mgeshon rate 

(109 mg/day), respecavely, and by mulhplylng a l l  values by the total number of days m 70 years 

(1 e ,  by the hfetme exposure = 365 days/yr x 70 yrs = 25,550 days) Hence 

nsk per pWm3 (m) 

nsk per pcllL (water) 

= slope factor (nsk per pcI mhaled) x 
20 m3/day x 25,550 days 

= slope factor (nsk per pcI mgested) 
x 2 Uday x 25,550 days 

nsk per pcJg (sod) (sod mgested) = slope factor (nsk per pCi mgested) 
x ([02 @day x 1,825 days] + [0 1 
g/&y x 23,360 days]) 

The designahons "D," "W," and "Y" presented under the headmg "ICRP Lung Class" in Table C 

refer to the lung clearance ames for mhaled pmculate rachonuchdes expressed as days @), 

weeks 0, or years Cy), as recommended by the Internattonal Comrmssion on Rdo1ogm.l 

Protechon (ICRP) "GI 

Absorphon Factors, f," are the hcaonal amounts of each rdonuchde that may be absorbed from 
the gaStrOmteSMd (GI) tract lnto blood follomg an oral mtake The ICFW lung clearance rates 

and GI absorpaon factors prowded m Table C ~IE default values used by the EPA to calculate 

rdonuchde slope factors for mhalahon and mgesaon exposures, respecavely Apphcahon of 
values other than those speclfied m Table C wdl result m slope factors and u t  nsk esamates 

Gaseous rachonuchdes, e g ,  Rn-222, are assigned to class "g" 

0 
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chfferent fmm those prowded m the table At this m e ,  EPA recommends that nsk assessors 
should not replace or subsutute for the default values listed e 
Values listed m Table C for external exposure are best esumates of the hfetune cancer nsk due 

to the mdaoon of an mdmdual exposed to gamma-emtung rdonuchdes unlfonnly med in 
sod Umt nsk estimates for thls pathway were calculated by muluplymg the appmpnate ground 
surface slope factors by the effectwe surface density of sod (1 e ,  143 kg/m2 = 0 10 m [sod depth] 
x 1 43xld kg/m3 [sod density]), and by mdhplymg all  values by 70 years (1 e , by the ldeume 

exposure) Hence, 

= slope factor (nsk per year per 
pCdm2) x 143 kg/m2 x IO3 (g/kg) x 
70  years 

To estimate nsk-spec& concentrauons m aw from the umt nsk m 811: as presented ~fi Table C, 

the specified level of nsk is &wded by the u t  nsk for aw Hence, the aw concentrauon (in 

pCdm3) correspondmg to a best esmate of the increased hfetune cancer nsk of 1x10' is 
0 calculated as follows 

1x105 

umt nsk 111 @ a m 3 )  pCl/m3 m aw = 

Smlarly, to esumate nsk-spec& concentraoons m water and 111 sod (mgesuon exposure), the 

specfied level of nsk is &wded by the u t  nsk for dnnkmg water or sod mgesuon Hence, the 

water CO~CentrahOn (m pCfi) cmspondmg to a best estunate of the mmased Metune cancer 

nsk of 1x10' is calculated as follows 

1x10 pCI/L m water 
= u t  nsk 111 (pCJL)' 

0 
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and the sod concentratron (m pCdg) correspondmg to a best esurnate of the increased llfetune 

cancer nsk of 1x10' is calculated as follows 

1x10 

pcJg umt nsk m (pwg) (mgesuon exposure) = (soil ingesuon) 

To estmate nsk-spec& concentrahons 111 sod from the umt nsk from external exposure as 

presented m Table C, the specified level of nsk is d~vlded by the u t  nsk for soil Hence, the 

sod concentratron (m pWg) correspondmg to a best estlmate of the mcxeased hfetune cancer nsk 
of 1x105 1s calculated as fouows 

pcJg sod u t  nsk 111 (pWg) 
(external exposure) (external exposure) = 

4 1  m S  

The racbonuchde slope factors III Table C of HEAST are the age-averaged hfeme excess total 

cancer nsks per uNt mtake or exposure An estmate of the total Metme excess cancer nsk due 

to CORMUOUS mternal Meme exposure (I e ,  a 70-year average Mespan) to a ra&onuchde is 

therefore 

@ 

whexe 

& = total Metune excess cancer nsk 
SF, = HEAST donuchde make slope factor (pa) * 
I = annual racbonuchde actlwty mtake (pC@r) 
TL = 70-year Meme exposure (years) 
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An esbmate of the total llfetune excess cancer nsk due to conMuous external exposure to a 

rdonuchde deposited on ground surfaces is 

RL = (SF3 (C) (T> 
where 

RL 
SFL = HEAST donuchde external exposure slope factor (y-r - p a )  
C 
TL 

= total hfetune excess cancer nsk 

= rachonuchde concentratton m sod @Wg) 
= 70-year Metune exposure (years) 

External slope factors do not mclude contnbuaons fbm decay products In some cases, these 

contnbuaons can be substanaal and should be factored mto the nsk calculaaons For example, 

to esamate the total Metme excess cancer nsk due to COnMUOUS, hfetme external exposure to 

sod conmated  wth Pu-239, and Pu-240 (assummg secular equ&tmum) should be calculated 

as the summatton of the nsks contnbuted by Pu-240 and the decay product that ermts photon 

rdaaon, such as Am-241 

e The content of slope factors for chermcals has been well estabhshed by tomcologx3ts to quanafy 

nsks of chermcal-mduced cancer based on chermcal mtake-response curves EPA recently 

adopted thls methodology to quanafy rdatton-mduced cancer nsks for mbonuchdes m HEAST, 

Table C The HEAST slope factors for 

rdonuchdes that art potenaal chermcals of concern at IHSS are presented m Table B 1 Before 

mtroducmg EPA's methodology for radlonuchde slope factors, it is necessary to desmbe the 

convenaonal approach to nsk assessment. A descnptxon of mtemal exposure is presented 

because the calculatlon for this mute of exposure is sufficient to W s h  a clear p d g m  of this 

standard methodology 

Th~s is novel for all rdologxxl nsk assessors 

4 2 DESCRIPTION OF C O " T I 0 N A L  METHODOLOGY FOR RADIOLOGICAL RISK 
ASSESSMENT 

Conventtonal nsk esumaaon for chromc mtake of a rdonuchde mvolves two mdependent and 

separate steps The first step is to calculate the hfetune Comm~tted Effectwe Dose Equivalent 

(CEDE) from the chromc hfeame mtake of the donuchde The CEDE is the weighted sum 
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of the total dose equivalent m target organ(s) deposited over the 50-year penod followlng the 

lntake of a mbonuchde The absorbed dose m the target organ(s) 1s calculated using ICRP 

respratory and GI tract models (ICRP, 1979) The second step is to eshmate the nsk associated 

wth the Ilfehme CEDE 

In the fwst step, the Meume CEDE is obmned by IIIUlhplylng the dose conversion factor @e), 
the CEDE per u t  mtake, by the total lntake over the 70-year Metme 

CEDE, = hfetune comrmtted effectwe dose equivalent (mrem) 
I = annual raonuchde actmty mtake @Cdyr) 
TL = 70-year hfeame exposure (years) 
DCF = dose conversion factor (mredpci) 

In the secund step, the rachahon-mduced cancer nsk is eshmated usmg a nsk coefficient (excess 

fatal cancerdmrem) to relate the hfehme CEDE (mrem) to the hfehme excess mbogemc cancer 

deaths ICRP Pubhcaaon 26 (ICRP, 1977) and NCRP Pubhcaoon 91 (NCRP, 1987) recommend 

the use of age-mdependent nsk coefficients of 1 2 5 ~ 1 0 ~  and lOOxla6 excess cancer deaths, 

respectwely, for every u t  CEDE (mrem) received to assess the Meme excess fatal cancer nsk 
Followmg is h s  recommendation 

where 

RL = hfeme excess fatal cancer nsk 
RC, = hfetune fatal cancer nsk per u t  dose (mrem) 
CEDE, = hfetune comrmtted effectwe dose equvalent (mrem) 

Thus, based on the DCF that uses the 50-year dose comrmtment model, the CEDE from a 
constant chromc exposure is considered to be mvanant over the mdmdual’s 70-year Metune 

Because each step eshmates cumulahve dose and nsk over 70 years, both the Mehme dose 

eqmvalent and the hfetune mbatlon-mduced nsks m obtamed and can be utihzed mdependently 

m the decision-makmg process 
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The followng is a descnptlon of EPA’s methodology to calculate the slope factors for both 
mternal and external exposure to rdonuchdes @ 

, 
4.3 DESCRIPTION OF EPA’S METHODOLOGY FOR SLOPE FACTORS 

431 
There are three mam steps mvolved m EPA’s esmation of the nsks due to exposure to unit 

mtake of a mhonuchde (1) the annual dose to susceptlble organ(@ in each year of life is 

calculated, (2) the annual dose m each year of Me is related to the age-dependent cancer nsk, 

and (3) the hfetlme cancer nsk is obwed by sumrmng the annual nsks to a hypothetlcal cohort 
wth an actuanal Me table 

In the first step, EPA calculates mstantaneous hgh- and low-hear energy transfer (LET) 
absorbed dose rates and annual doses for each organ followng one uNt of lnhaled or mgested 
donuclide at a constant rate for a hfeume exposure The mternal dose models (GI tract and 

lung models) that EPA uses to calculate doses are age-mdepndent and are smlar or identlcal 
to the models used m ICRP (1979, 1980, 1981) 

In the second step, the nsk of fatal cancer from each year’s dose is calculated usmg age- and 

organ-speclfic nsk models adapted from the BEIR III report (Naaonal Academy of Sciences 
[NASI 1980) These nsk models used by EPA are descnbed m the followmg paragraphs 

To project the number of rarllaoon-mduced leukema and bone cancer fatahtles, EPA uses an 
absolute nsk model, a 2-year latency penod, and a 25-year expression pcnod. An absolute nsk 

model pre&cts an absolute annual number of excess fatal cancers m future years ~II the case of 

a populatlon exposed at a gwen age per uNt dose 

To e s m t e  the number of fatahtles resultmg from other cancers, EPA uses a relatlve nsk model, 
a 10-year latency p o d ,  and the remamder of an exposed person’s hfetme as the expression 

p o d  The relatlve nsk model projects the currently observed percentage mcrease m annual 
fatal cancer nsk per umt dose mto future years (1 e ,  the mcrease is propomonal to the underlymg 
[background] fatal cancer nsk) 1. 
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A central feature of this methodology is that it allows for other causes of death, so-called 

"compemg nsks" occumng w h  the latent penod, m the estunaaon of hfetune rdaaon nsks 
If an mdmdual that had been exposed to nuhation 111 a gwen populaaon &ed either accidentally 

or from natural causes, before the cancers resultmg from VfadlahOn are expressed, this death 

would not be counted as a radlahon-mduced fatahty A Me table consists of data descnbmg age- 

speclfic mortahty rates from al l  these competmg nsks A hfe table consists of data descnbing 
age-specfic mortahty rates from all  causes of death for a gwen populaaon EPA uses m d t y  

data from 1969 to 1971 U ~ t e d  States populaaon (Naaonal Center for Health Staasacs [NCHS] 

1975) m this nsk esmaon 

0 

To mplement the hfetime nsk estmaaon, EPA uses both absolute and relabve nsk models (as 

m the second step) III conjuncaon wth actuanal hfe tables (as m the third step) to e s m t e  the 

number of mcremental fatahes m a gwen populaaon, or "cohort," due to radlaaon-mduced 

cancer m the reference organ as a result of the annual dose of each year of Me The hypothead 

EPA cohort conssts of lO0,oOO persons born at the sarne m e  and all subject to the same 

competmg nsks of death throughout ther hfetimes Rdaaon exposure is assumed to begm at 

buth and Contmue throughout the Metme of each mdmdual By applymg the 1970 age-specfic 

mortahty data for all causes, this population of 100,OOO persons is miuced for each year of Me 

untd all members of the cohort have &ed at 110 years 

e 

The incremental numbez of deaths m the cohort due to nuhaaon-mduced cancer for a gven organ 

is esmted for each year usmg appropnate nsk models and the calculated doses dunng that year 

and relevant precedmg years The total number of incremental deaths for the cohort is obwed 

by sumrmng the incremental number of deaths for each year over all organs for 110 years 

Therefore, the age-averaged Itfetme excess fatal cancer nsk per UIut mtake of the nubonuclide 

is smply the average number of mcremental deaths over the 110 years for each mdmdual m the 

cohort 

The rdonuchde slope factors m HEAST, Table C, are the age-averaged hfeme excess total 

cancer nsks, mstead of fatal cancer nsks, per ulllt mtake Each slope factor has been calculated 
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by &vi&ng the excess fatal cancer nsks for the rdonuclide by the momhty to incidence nsk 

raao for the type(s) of cancer mduced by the rdonuchde 0 
4 3 2 External Ex~osure 

EPA nsk estunaoon for exposure to sod contammated wth gamma-emmg rachonucbdes is 
based on the scenano that an mdtwdual stands on an infinitely b c k  slab of soil wth a umform 

source concentrahon for hls enare We (e g , a 70-year average hfe span) Th~s EPA scenano 

involves three mam steps 

In the first step, the absorbed dose rate m a~ at 1 m above ground (whlch represents the average 

height of body organs for an mdundual standmg on the ground) must be calculated To manage 

comphcated calculations for photon attenuaaon and scattering sod, EPA smphfies the sittianon 

by assurmng that mstead of standmg on the mfimtely duck slab of sod, dus mdwdual stands on 

a smooth d i t e  plane source wth a ce- d o r m  surface concentraaon This surface 

concentrahon is obwed by confihng the e n m  quanaty of radloacawty wthm the top 10 cm 
of the sod slab to the very ground surface (zero depth) mstead of d d y  cbspersmg i t  m the 

soil Consequently, EPA's hypotheacal plane source wth the zerodepth acavity considers no 
sod sheldmg for the mdtwdual EPA's ax and organ dose rate(s) calculaaon and the associated 

nsk estunanons, whlch wdl be dtscussed later, are therefore based on the hypotheacal plane 

source model mstead of the mfhtely thxk slab source model The conversion between the sod 

concentraaon (pwg) m the sod slab and the EPA hypotheacal surface concentraaon can be 
obmed from the sod density of 1 43x103 (kg/m3) and EPA's 10 cm sod depth concern One 

u t  of sod concentraaon (1 pWg) m the slab would correspond to a hypotheacal surface 

concentratlon m the followmg manner 

e 

1 43x101 @Wm2) = @Cdg)xO 1 (m) (depth)xl43xl@ (kg/m3) (density)xl@ (fig) 

where 0 1 m (sod depth) x 143x103 kg/m3 (sod density) = 143 kg/m2 IS the effectwe surface 
density of sod 

One umt of surface concentraaon (1 P a m 2 )  on the soil surface would correspond to a 

CO~CentrahOn m the slab m the followmg manner 

(1 43xld) ' = 7 x l v  (pCl/g) 
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Thus, mstead of CalCulaMg the an dose at 1 m above an mfimtely thxk soil slab source, EPA 
calculates the an dose rate at 1 m above a hypothehcal infirUte plane source If an indwdual 

is actually standmg on a umform slab source wth a sod concentrauon of 1 pCdg, EPA would 
report the 1 m au dose rate, hs organ dose rate(s), and the associated cancer nsks the same as 

those obmned from a plane source wth a surface concentranon of 143x105 pCl/m2 On the 
other hand, EPA’s report for the cancer nsks from one umt of surface concentrauon (1 pCl/cm2) 
is meant to be for the actual situauon If the mQwdual is exposed to a d o r m  slab source wth 

a sod concentrahon of 7x104 pcdg 

In the second step, the absorbed rate m au must be converted to an organ dose rate The raho 

of the organ dose rate has been calculated for vanous organs at vmous photon energes for the 
case of mersion m contammated au Ideally, a separate set of the r a ~ o  values would be used 

for the angular and spectral &stnbunons of mcident photons from a umform plane source 
Because these data am not avadable, EPA uses the same set of the raho values for the au 

mersion case as for the ground surface case 

In the thud step, the annual dose m each year of Me is related to the age-dependent cancer nsk, 
and the hfeume cancer nsk is obtamed by sumrmng the annual nsks to a hypotheucal cohort wth 

an a c t u d  Me table Thls step is a combmauon of steps (2) and (3) descnbed m Secuon 4 3 1 

The nsk from each year’s dose for each organ as obwed from step (2) is agam calculated usmg 

EPA’s Me table concept m conjunchon wth the age- and organ-specfic nsk models The total 
number of incremental deaths from Meme ground surface exposure m the 100,Wperson cohort 
is also obwed by summmg the mcremental number of deaths for each year for 100 years The 

age-averaged hfeume excess fatal cancer nsks per umt surface concentranon of a rdonuclide 
is the average number of mcrcmental cancer deaths over the 110 years for each mdmdual m the 
cohort Usmg the mortahty-to-mcidence nsk ran0 for the sigdicant types of cancer that the 

external exposure may mduce, EPA converts the fatal cancer nsks to the total cancer nsks as 

requued for the slope factors 

RFPapr200 b B-20 061291 



4 4  COMPARISON BETWEEN CONVENTIONAL AND EPA’S METHODOLOGIES FOR 
I RISK ASSESSMENT 

There am two pnncipal Merences between the convenuonal and EPA methodologes for 

rad~olog~cal nsk assessment Fmt, the COnVenhOnd nsk eshmaaon method produces an eshmate 

of the nsk of rachogemc cancers that are fatal and uses an age-independent nsk coefficient The 

EPA nsk estmauon method produces an eshmate of the nsk of all cancer incidence and employs 

agedependent nsk coefficients Second, the convenhondl nsk estunaaon method mvolves 

calcdahon of dose (CEDE) before CdCulahOn of cancer nsk The EPA nsk eshmaaon 

methodology usmg HEAST slope factors esamates cancer nsk dmxtly from estmated 

rdonuclide mtake and bypasses CdCdahOn of CEDE Calculatmg the CEDE mvolves much less 
I uncertam models than eshmatmg rdogemc nsk Thls is one mam reason why the convenuonal 

nsk assessment for a hfeame rachauon exposure mvolves calculauon of Metme CEDE The 

convenaonal methodology separates the more c e m  step (hfehme CEDE calculaaon) from the 

less c e m  step (hfetme nsk estmaaon) m the nsk assessment process Thls enables the 

rachologcal nsk assessors and remedud acaon decision makers to use both dose and nsk 

parameters, t a b g  rnto considerahon the degret of confidence and c e w t y  in each 

I 

The convenuonal method prowdes a fundamental parameter (1 e ,  the hfetune CEDE from a ~0 
chromc exposure to a rachonuchde) that provldes for companson of the hfehme CEDE wth 
estabhshed dose h t s  The Metune nsks assoclated wth the hfetme CEDE depend on only one 
factor the nsk per wt effecuve dose equvalent, whch is subject to vanahon as new scientific 

mfomaon used to develop nsk coefficients becomes avadable In EPA’s methodology for 

estmaung the Metune ra&ogemc nsk usmg slope factors, the step mvolmg dose estunahon is 

mchstmct, therefore, the calculated Metme dose equivalent is not avadable Thus, the 

rdonuchde slope factors only prowde the relauonshp between the Metme rachogemc nsk, 

which has a relaavely hgh magmtude of untxrtamty, and the rad~oacanty mtake Superfund 

rachologcal nsk assessors also need to calculate the Metune CEDE as used m the convenaonal 

approach to f m s h  more scientrfic mfomaoon for decision makers This is even more mportant 

at present because the slope factors for ra&onuclrdes are undergomg renew and xension m 
HEAST, Table C 
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1 0  SOME CONCEPTS OF RISK ASSESSMENT 

The pnncipal a m  of rahaaon protection is to reduce the nsk of detnmental health effects from 
rahauon exposure Risk has been defined as the probabdity that a detnmental health effect will 
occur in an indwdual or populaaon Mortality nsk factors are helpful 111 identdymg levels of 

nsk associated with vanous acnvlaes and occupaaons Mortality nsk factors are listed in 

Table C 1 for vanous events Almost every aspect of modem hvmg exposes people to health 

nsks This table hsts the estmated nsk of death to an indmdual from vanous human-caused and 

natural accidents In a l l  cases the numbers listed in this table are only estlmates based on the 

best guesses that can be made with our present knowledge 

One of the reasons for the lack of understandmg about nsk is the manner 111 whch nsk data axe 

typically presented h s k  values are calculated based on mortahty rates whch are usually 

numbers of an order of lo6 per year The average person has httle expenence wth exponenaal 

notaaon and consequently little percepaon of the true sigIllficance of the data A lob nsk 

increases the chance of death by one person per mlhon p p l e  exposed that nsk e 
Risk is usually expressed as either absolute nsk or relatlve nsk When apphed to racbauon 

exposure an indmdual’s absolute nsk of mortality for a specfic cause such as cancer is the 

excess nsk from exposure added to hisher background risk of death from cancer. The term 

lifetune excess cancer nsk is used to descnbe the poruon of absolute nsk resdhng from 
exposure 

The carcinogemc nsk or the cancer nsk factor (lifeame excess cancer nsk) provides an estmate 

of the addmonal mcidence of cancer that may be expected in a populanon exposed to a gwen 

contarmnant. A nsk of los, for example, lnQcates a probabhty of one addmonal case of cancer 

for every 100,OOO people exposed A nsk of lod would be 1 case 111 1 d o n  people exposed 

(EPA 1985) On an indwidual basis the cancer nsk factor descnks the d a o n a l  nsk of death 

from cancer incurred as a result of exposure 
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TABLE C.l 

01 pCdg 
0 1 pCdg 
10  Pcl/g 

PROBABILITY OF DEATH BY VARIOUS CAUSES' 
(U S Populabon Average for 1978) 

1x109 

1x107 

1x10 * 

Cause I Total Number of Deaths I Probabhty)b 

Motor Vehicle 
Alr Transport 
Ralway 
Falls 
Fxre 
Drowning 
Industnal 

Electrocubon 
Explosion 

Frearms 

Accidents 
52,411 
1,880 
602 

13,690 
6,163 
5,784 
5,168 

984 
562 

1,806 

YLI 

1 28x102 
6 0x10"' 
2 0x10"' 
4 4x10 

1 9x103 
17x10"' 

1 8x10"' 
5 8X1O4 

2 0x10 3 

3 2x10"' 

Cadovascular 
Malignancies (cancer) 
InfluenzaPneumonia 
Diabetes 

964,000 
396,720 
58,230 
33,800 

3 1x10' 
13x10' 
1 9x102 
1 1x102 

NatulLal Events 
Lightnmg 
Tornadoes 
Humcanes 

160 
1 lgc 
god 

5 1x10~ 
3 8x10' 
2 9x10' 

Theoret~cal Calculated Genenc k s k  Assessment for Pu-23% 

Average Sdment Concentranon I Indmdual Rzsk (Lfieame Probabhty) 

aEPA, 1990b 
Based on total U S pOpdahOn 
1953-75 average 
1901-71 average 

e Based on a conservaave hybnd residenaal scenmo a 
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The carcinogenic nsk posed by exposure to a mbonuclide depends upon three factors dosage 
(estlmated mtake), the carcmogenic potency of the chemcal (cancer slope factor) and the * exposure duraaon 

The carcinogemc potency of a substance depends, m part, upon its route of entry mto the body 

(e g , ingestron, inhalatron, or dermal) Therefore, cancer slope factors (CSFs) are classified 

accordmg to the route of admuusmuon that is apphcable to the expenmental or epidemologcal 

data from which they were denved. The EPA and other orgamzaaons have developed potency 

factors for the mgeshon and/or Inhdahon routes for some carcmogens 

The length of exposure to a rachonuchde must also be taken into account m the calculatron of 
carcinogenic nsk since carcmogemc potency factors are based on long-term, lowdose exposure 

and carcinogemc nsk is assumed to be pmporhonal to dose 

Absolute nsk takes into account the added nsk from exposure and background nsk Site-speclfic 

absolute nsk (AR) can thus be defined as 

AR (cancer death) = Background Risk + Risk from Exposure to Plutonium 

Based on the COnServahve assumphons presented m the genenc nsk assessment, (Tables C-3 
through C-6) the added nsk from a hybnd residenhd-recreauond mhalaaon of resuspended 
sehment exposure scenano (ingeshon of water, suspended sedunents, and fish) from pathways 

in an area of subsurface s e h n t s  contammated wth plutomum can be calculated Thls would 

result in an increase of 1 2x10 nsk far a plutonium concentranon of 0 01 pWg, an mcrease of 
1 2x108 nsk for a concentraaon of 0 1 pCJg, an increase of 1 2x10’ nsk for a concentrahon of 
1 0 pCl/g, and an increase of 1 2x106 nsk for a concentrahon of 10 pWg 

To put this nsk m perspechve, the natural cancer mortahty rate for the U S is about 20 percent 

However, for illustratwe purposes we d use the values stated by EPA m Table C.1 of 

13 percent (1 e., 0 13) An mdmdual’s absolute nsk of dymg from cancer due to a 30-year 
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exposure to plutonium in serjlments dunng a 70-year hfeame would increase from 0 13 to 

0 130000001 at 001 pCdg and 0 13000001 for 1 pCdg based on genenc nsk assessment 

assumpnons Table C 2  hsts the overall increase rn absolute nsk resulMg from long-term 

exposure to plutonium in a residenaal SetMg 
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exposure to plutonium in selments dung a 70-year lifeume would increase from 0 13 to 

0 1300oooO1 at 001 pCdg and 0 13000001 for 1 pCdg based on genenc nsk assessment 

assumptions Table C 2  lists the overall increase m absolute nsk resultlng from long-term 

exposure to plutonium in a residenual s e t t ~ g  

0 
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TABLE C.2 

OVERALL INCREASE IN RISK FROM EXPOSURE 
TO PLUTONIUM IN SEDIMENTS 

001 pcllg 1 2x1O0 13x10' 130000001 0 0000009 percent 

10 Pcus 12x10' 13x10' 13oooO1 0 00009 percent 

10 pcllg 1 2X1Od 13x10' 130001 0 o009 percent 

0 1 pcllg 1 2x1Od 13x10' 13000001 0 OOOOOg percent 
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2.0 GENERIC RISK CHARACTERIZATION 

e The EPA has requested that a genenc nsk charactenzaaon be developed to assist the reader in 
placlng the potenaal nsk from plutonium in soils in perspecave Two EPA documents were 

pnncipally utllized to ob- general emssion, transport, and human uptake values The two 
documents were the "Transuramc Elements," EPA 520/1-90-015 and 016, June 1990, U S €PA 

A r  and Radlaaon Programs, and the "Exposure Factors Handbook," EPA/600/8-89/043, May 
1989, U S EPA Office of Health and Enwonmental Assessment These values were then used 

to perform calculabons based on the formulas found m Chapter 10 of the fisk Assessment 

Guidance (RAG) for Superfund Human Health Evaluahon Manual, Part A, Intern Final, U S 

EPA Office of Emergency and Remdal  Response, September 1989 In U h o n ,  the Health 

Effects Assessment Summary Table (HEAS") was u~hzed to calculate pathway-specific nsk 

The &spersion and modehng used m the genenc nsk assessment is taken from Cowherd (1984) 
for the PM,, emssion rate esamaaon, and Turner (1970) for the atmosphenc &spersion 

esnmation 

0 For esbmation of PM,, emusions from vehcle traffic over unpaved surfaces, the followmg 
equanon has been used m th~s assessment 

where E,, = PM,, emmion factor, i e ,  the quanaty of PM,, emssions from an unpaved 
road per vehcle-hlometer of travel (kgNKT) 

s = silt content of road surface matenal (percent) 
S = meanvehclespeed(km/hr) 
W = mean vehcle weight (Mg) 
w = meannumber of wheels 
p = number of days wth at least 0 25 mm (0 01 m ) of precipitaaon per year 

The atmosphenc Qspersion estunahon uses the followmg standard assumpbons 

The plume spread has a Gaussian Qstnbuhon m both the honzontal and vemcal 
planes 
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Umfom emusion rate occurs 

For thls ground level source wth no effectwe plume rise the followmg equatlon has been used 0 
m hs assessment 

where X = downwmddutance 
x = mean concentrauon 
6, 6z p = standard devlauon of plume concentranon m the verucal and horizontal 

planes 
P = mean wmdspeed affecung plume 

Plant uptake coefficients were cited by Burley @PA, 199Ob) These coefficxents depend on 

conservatlve assumptlons, and may overeshmate the nsk from mgeshon presented m Baes, 1984 

As stated prewously (Secaon 462), although americium is pOtenhally more moblle m the 

enwonment, and more readdy bioconcentrated, it is not mcluded m thls generic risk assessment 

due to the mhenmt uncemty of the actual concentrahons at IHSS 199 ' 0 
2 1 EXPOSURE PATHWAYS 

The genenc nsk assessment uses human uptake values pubhshed m premously atcd EPA 
documents 

The followmg exposure pathways have been retamed 111 the genenc nsk assessment because of 

thev potenhd to be avadable to human receptors based on the current and future land use 

condltlon of rcsldtnaal home sethng 

Water mgestlon of soluble plutomum 

Water mgestlon of suspended plutomum 

hgeshon of aquatx species 
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The recreaaonal scenano retams the pathways hsted above with the addmonal 
pathways of 

- Ingesuon of plutomum m sod as exposed sdments 
- Inhalaaon of resuspended sod-sedment 
- Water ingesaon of soluble plutonium 
- Water mgesuon of suspended plutomum 

2 2 EXPOSURE PATHWAY ASSUMPTIONS 

In calculaang nsks to the general pubhc in this report, the esumates of exposure are performed 
considenng an appropnate mdwidual that is presumed to r e m  at the point of specific potenaal 

exposure (0 01 pCdg, 0 1 pWg, pWg, 10 pWg) at all  umes of the= hfeames -- 24 hours per 

day, 365 days per year, for 30 years -- and makes orhary use of the contammated medla to the 

greatest extent possible For example, h s  hypothetlcal mdwidual could breath only a n  at the 

specified contarmnaaon level on-site boundary, or mgest water whlle boatmg or sulmrmng All 

dtlnlung water is assumed to be prowded dvectly from the lake/reservom, and no fdtrahOrI is 

performed Thus, the esumate of exposure or nsk to the general pubhc is conservaave and 

approximates the reasonable maximum exposure scenano (RME) idenflied by EPA gudance 

Intakes of plutomum have been esomated on the basis of the RME scenanos for two c m n t  land 

use condmons The RME is defined by the EPA (1989) as "the hlghest exposure that is 

reasonably expected to occur at the site " This concept is also set forth in EPA's preamble to 

the adopaon of the NCP In the preamble, the EPA explms that the concept of RME is 

designed to include exposures that can be reasonably expected to occur; though conservatwely 

biased, it does not focus on worst-case exposure assumpaons Only potenaal exposures that are 

llkely to occur are to be mcluded in the assessment of exposures The EPA further cautlons 

against the use of unreahstlc exposure scenanos and assumphons The RME is the product of 
factors that are an appropnate mutture of values that are conservaave m that they tend to 

overesamate nsk, but they are wthm a plausible range of potential exposure 

Parameters that were common for all scenmos were used m the calculauon of nsk as follows 

I 1 Current land use scenano of recreaoon o c c m n g  at the reservov and lake 
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2 On-site concentrahon of plutonium in transport medla does not increase nor 
decrease over tune 

3 An on-site au mtake of 10 cubic meters per day for a 70 Kg adult received over 
a 40-year duraaon 

4 A water intake of two-hters per day taken unfiltered from the lake/reservoxr for a 
durauon of 30 years 

5 An average sod make rate of 120 mg per day for a 70 Kg adult received over a 
40-year hfehme 

6 A plutonium in sedunent bioavadabdity of 100 percent based on the soil-sedment 
ingeshon and foodstuff pathway 

7 A cancer slope factor of 3 1x10 “/pCi ingested, and a slope factor of 4 lxlU*/pCi 
inhaled 

Table C 3 detals the major assumpaons used in the genenc nsk assessment for plutonium m 
sedments 

The major assumphons idenafied m Table C 3 have been combmed to form one of three hfferent 

exposure scenanos as follows 

I 1) The residenaal facet The scenano reflects an exposure settmg m which an 
indlvidual consumes water and aquaac species from the affected water Ingeshon 
of water occurs da~ly and lngeshon of aqUahC species occurs penodmlly The 
penod of exposure is 30 years 30 years represents the upper 90% confidence h u t  
on indwdual residence m a smgle locaaon @PA, 1989) 

2) The recreahond facet This scenano reflects an exposure sethng UI whch an 
indwidual ualizes the lake for recreaaonal purposes such as swunrmng, boatmg, and 
fishmg Exposure m the recreabonal facet is assumed to occur m c e  weekly d m g  
the warm weather months (Apd-October) for forty-years 

3) The hybnd residenaal-recreaaonal exposure scenmo Combinmg the residenaal and 
reCreah0md facets 111 thud manner reflects exposure to an indwdual through both 
scenanos The hybnd residenaal-remaaonal exposure scenano could be applicable 
to an indmdual h m g  near the lake 

Table C 4 summmzes the intermehate transfer coefficients employed m the calculahons pmwded 

in the spreadsheets located in Attachment 1, and Figure C-1 and Figure C-2 provide a graphic I) 
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depiction of the exposure assessment models to complete the eShmated llfetlme excess cancer nsk 

0 for the genenc nsk assessment 

TABLE C.3 

I 
MAJOR ASSUMPTIONS USED IN THE GENERIC 

RISK ASSESSMENT FOR PLUTONIUM IN SEDIMENTS AND SOILS 

r? 

Current and Future Use (Residential Facet 30.year Period) 

Exposure Pathway I Variable I 
lngeshon of Suspended Sediments 30 years 

Exp Duratron 30 years I Intake I 2 Iiterdday 
Ingestion of Drinkng Water 

Exp Duratm 30 years I Intake I 195 grlday 
Ingestion of Aquahc Spectes 

Cunent and Future Use (Recreational Facet @year Period) 

11 Exposure Pathway I Variable 

Inhalation of krborne Particulate Exp Duraton 
Exp Frequency 

Leeward N n d  Fracton 

40 years 
56 daylyear 

0 4  

Soil Ingestion Exp Duratnn 40 years 
Exp Frequency 56 daybear 

Intake 120 W d a y  
Exp Duration 

Intake 0 2 Iiterdday 
40 years Incidental Ingeshon of Water 

a EXP - exposure 
RME - Reasonable M m u m  Exposure 
Based on long-term wmd patterns near Rocky Flats Plant 

a 
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Review of Table C 5 suggests that the added hfehme excess cancer nsk for an mdtvidual exposed 

through either the residenaal or recreaDonal facets dependently could range from 7 0 E-10 
(Residenhal facet at 0 01 pCI/gram) to 4 6 E-7 (Recreahond facet at 10 pCUgram) 

@ 

Inspecnon of Table C 6 inhcates that under the condmons of the hybnd residential-meaaonal 

exposure scenano the added hfebme excess nsk could range from 1 2 E-9 to 1 2 E-6 Table C 6 
also mchcates that, for the case where the same sedment concentraaon is applied to both facets 

(residenhal and recreaaonal), the residenhal facet conmbutes approximately 60% of the added 

hfehme excess cancer nsk and approxmately 40% is attnbutable to exposure resultmg from the 

recreational facet 

Figure C-3 prowdes a graphcal presentahon of esmated, genenc llfeume excess cancer nsk 
eshmates for the residenhal and recreaaonal facets A genenc graphcal presentaaon of Meame 

excess cancer nsk versus sedment concentraaon for the hybnd residemal-recreahonal exposure 

scenano is provided on Figure C-4 
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3.0 SUMMARY 

The genenc nsk calculatlons presented above for the vanous con&aons of exposure m&cate that 

all calculated hfetlme excess cancer nsks are within or below EPA’s 1 0 E-4 to 1 0 E-6 range 

of acceptable nsk This genenc assessment suggests that no unrmnent health nsk would result 
from exposure produced from 239 Pu sedlment concentratlons in the range of 0 01 pCl/gram to 

10 pcl/gram 

RFPapRaO c c-12 061291 



EXPOSED SEDIMENTS 
RESULTJNQ FROM 
WATER DRAW DOWN \ f r W  

(8) ATSDR, 1890 

\ It 

FIQURE C l  

Concentratlon - Sedlments (,,,,,g) 
Concentration - AqUeOU8 (1) k, 

Concentratlon - Flah tiaauo 
oncentretion - Aqueou8 (2) BCF 

(3) SSC Suspended Sediment Concentratlon 

Atmo8pherio Conoentratlon, p a  /mS 
Surface Concentration p a  /mO (4) f r  

In termedia Transfer Fact or8 

kd(6) BCF"' Re8uapenslon m Subpended Sedment Concentration 

13 8(x10-4) 1Od/g Reauapenaion Fictor (fr)a 10 */meter 20 mg/i 

(7) Cember, 1883 
Langer, 1888 GENERIC 

CONCEPTUAL 
MODEL 



SCENARIO RESIDENTIAL R EC R EAT1 0 N AL 

SOURCE Sediment 

RELEASE 
MECHANISM 

TRANSPORT 
MECHANISM 

t 

. 1 I ..9..."..T"..: 
Sediment 

Adduction/ 
Dlf f uslon 

HUMAN 
RECEPTOR 

Ingestton 
of Aquatlc 

Specles 

Advection/ 
Convectlon 

t t t t 
lngif ion I 1 lngefon 1 1 1nqe;lon 1 1 inhalation 

of Suspended of Dlssolved of Exporrd of Suspendrd 
Sedimrnt Sedlment 

FIGURE C 2 

GENERIC 
CONCEPTUAL 

EXPOSURE PATHWAY 
ASSESSMENT 
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TABLE C.6 

RISK CHARACTERIZATION FOR CONSERVATIVE 
HYBRID-RESIDENTIAL RECREATIONAL SCENARIO 

Hypotheacal Pu-239 Sedment Concenmbons 
Pathway Perant 

0 01 Pcdg 0 1 Pcdg 1 0 Pcdg 10 PWg Contnbubon 

Residenbal Facet 7 OE-10 7 OE-9 7 OE-8 7 OE-7 6 0 1  

Recreaaonal Facet 4 6E-10 4 6E-9 4 6E-8 4 6E-7 39 9 
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Inticducrior and Background 

D x i n g  the week of February 23, 1970, r e p r e s e i t a t , e s  of tfie h a t e r  

duality rji-"i?e v i s i t e d  tne  ROCKY F l a t s  Plant  of the Atonic Energy C o w l s -  

S-GI?  (AEC) 

ketdeen Golde? and Boulder, tne  f a c i l i t y  i s  operated oy tne  Dow Cnermcel 

Tsrnpany under cont rac t  t o  the  AEC The purpose of the v i s i t  was t o  obta in  

i n f o m a t i o n  on l i q u i d  radioact ive waste management p rac t i ces  at  the  f a c i l i t y  

m d  the  environments!, surve i l lance  a c t i v i t i e s  i n  t h e  plant  environs Cor- 

respondingly, r e l a t e d  discussions on t h e  su rve i l l ance  a c t i v i t i e s  or' t n e  

S t a t e  o f  Colorado w e r e  held with personnel of tne  Department of Health, 

Division of Air, Occupational, and Radiation Hygiene 

Located approximately 2 1  miles northwest or' Denver, Colorado, 

Tne Water Qua l i ty  Off ice  was represented by D r .  Milton W. Lanmering 

and Mr. Robert C Sco t t ,  both of t h e  Radiological A c t i v i t i e s  Section, Divi- 

s ion of Tec-hnical Support, Cincinnati ,  Ohio, and Mr Thomas M Carter, 

Missouri Besin Region, Kansas City, Missouri I n  t h e  discussions witn per- 

sonnel of tne AEC and Dow Chermcal Company, M r .  A. Hazle represented the  

Colorado Department of Health, Division of h r ,  Occupational, and Radiation 

Hygiene 

N o r n d  operat io? of the  plant involving t h e  production ot plLtonium 

p a r t s  f o r  nuc lear  weapons r e s u l t s  i n  tne release of s m a l l  quan t i t i e s  oA 

plutonium t o  the environment v i a  the l i q u i d  waste treatment system 

t i o n  t o  t n i s  con t ro l l ed  and regulated release mode, acc identa l  plutoniun 

releases hare occurred on th ree  occasions. 

\ 

I n  addi- 

a) a major f i r e  i n  1957, 

1 



2 

2:: z l l  cs t n e  genera l  t v e a t  t o  publ ic  hca l tn  a i d  safe',>r Tased b3 tne  

t le pzbl ic ized  controLersJ' surroundin& t h e  p l a i t ,  Lie e v d u e t i o n  0; hQ0 pel- 

sonde1 ras l i c i t e d  t o  a re,-ieti of l i q u i d  radwzste nrmage;"c,nt p r a c t i c e s  a?d e 

Drief, mt i n t e r s i f e ,  scnplint;  program t o  de te -miw p l u t o m u n  l e r e l s  1- t u c  

a te rcource  crossIn& the s l a n t  boundorJr and nearby l a les  and r e s e r v o i r s  

Z-ml,etioils of t n e  p r o b c b i l i t i e s  o i  f u t u r e  fires, cr.plosiotls, and c r i t i c E l i t y  

zczidei ts  at the p l m t  a d  the necl t l i  kazcrds assoclnted , r i th  SJC i i n c i d e n t s  

Lre be,ond tne reelm of the rested r e s p o n s i b i l i t i e s  &?d e k t h o r i t )  of tile 

-2;er Q J d . i Z >  0I"l"ice 

k previous Federal  i m s c t i o n  of trcste disposnl ?mctices a t  the  ~ O C ' . J  

P lcn t  179s coilducted an Dcccmbcr 18, 1963, G J  ':r k ; t h  ?. Chrisna?, 3. 

S~~L~LL-J engineer  in RcgioL- VIII, h b l i c  ' Iealth :err i c e ,  Department o f  ,lealt 1 ,  

Sd,cat-on, a d  Ve1frix-e. 17 rccormcading no nced f o r  rrmcdial ac t io? ,  it das 

x t c d  that tie Colorado 5ta-k  Ikpnr tncnt  01 11czltii lad concldded tnat hie 

facility bras not  a source o r  de t r imcn ta l  water pollution The S t a t e ' s  ps,- 



3 

Trie following s e c t i o n s  of t n i s  remrt pertai? t o  the  findings of 

tie Fobma?/ i nves t iga t ion  Tnereiore, d i scuss ion  of tile environmental 

l e r e l a  o f  plutonium is l imi t ed  t o  s o i l ,  water, and bottom sediment A 

second re~er;ort. w i l l  cover t h e  September 1970 study t o  deternine trie p l u t m -  

im l e f e l s  i n  the  aquat ic  b i o t a  inhab i t ing  Great Western Reservoir m d  

Standley L&e and the generol d i s t r i b u t i o n  of plutonium i n  the bot ton sed,- 

ment of G r e a t  Western Reservoir 

Liquid Waste Management Prac t ices  

All material i n  t he  l i q u i d  waste e f f l u e n t s  from the  iiocky F l a t s  Plant 

ul t imate ly  reach Great Western Reservoir, a multiple-purpose r e se rvo i r  w i t h  

a maximuin storage capac i ty  i n  excess of 3100 acre- fee t .  Liquid radioact ive 

wastes, after d i l u t i o n  w i t h  t r e a t e d  s a n i t a r y  sewage, flow through a system 

of fou r  smal l  r e t en t ion  ponds connected i n  series. The overflow f r o r n t n i s  

pond system flows down t h e  south fork of Walnut Creek, and subsequently, 

i n t o  Great Western Reservoir (refer t o  Figure 1). The mouth of Walnut Creek 

is apgroxinately fou r  miles downstream from t h e  o u t e r  plant boundary ExceFt 

dur icg  tne sgring m e l t ,  flow i n t o  G r e a t  Western Reservoir from Walnut Creek 

i s  comprised almost totally of l i q u i d  wastes from t h e  plant  Great Western 

Reservoir i s  the  publ ic  water supply source for  the City  of Broomfield. 

On-site discharges of l i q u i d  radwastes are nade at  severa l  bui ldings 

as indica ted  by the f o l l o n n g  l ist .  
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Building 
I I d e q t i f i c a t i o n  Number Major Act iv i ty  Carried Out i n  t h e  Eui ld ing  

44k Handling of uranium-contwinated macerial 

771 Pluton 1 um re c ove ry 

7-74 Treatment f a c i l i t y  f o r  l i q u i d  radwestes 

776 Holdme; t anks  f o r  lamdry wastes i m m  
Building 778 are located i n  t h i s  bu i ld ing  

779 Laoorat o r y  

881 Handling of uranium-contaminated material 

95 Treatment f a c i l i t y  f o r  s a n i t a r y  wastes 

Tne disposal  of l i q u i d  radwastes fro% Buildings 444, 171, 776, 779, and 881 

is based on t h e  r e s u l t s  of chemical analyses of each batch. Normally, 

wastes from Buildings 771 and 773 are discharged t o  t h e  dra inage  d i t c n  

c a r q i n g  wastes t o  the r e t e n t i o n  pond sys tem a t  a po in t  ups t r ean  from t h e  

sewage t reatment  p l a n t  d i scharge  Liquid wastes from Buildings 444, 77C 

(laundry wastes), and 881 are mixed w i t h  raw sewaze and pass through t h e  

b i o l o g i c a l  t rea tment  process. I f ,  however, a n a l y s i s  of t he  waste ba tcn  

shows : .at a s p e c i f i c  c o n s t i t u e n t (  2) crceeds t h e  concent ra t ion  limit( s )  f o r  

dischcr,;e without t r ea tmen t ,  tne batch LS t r a n s f e r r e d  t o  Bui ld ing  714 for 

tne r eqa i r ed  t r e a t n e n t  For  laundry wastes, t rea tment  is requi red  i f  the 

f o l l o v i n g  l i n i t s  are n o t  met. 



Trdo basic processes  a r e  a v a i l a b l e  f o r  t h e  t r e a t q e n t  o f  l i q ~ d  Vmxes. 

1) c f i e i n c d  p r e c i p i t a t i o n  aiid send f i l t r a t i o n ,  and 2 )  evcporatior: n t h  tne  

water vopor vented t o  t h e  atmospnere As shown on tae d e t a i l e d  y s c e s s  flo', 

srieet (Appendix A ) ,  f l e x i b i l i t y  o f  operation exists , J i t h i ?  and bet  Ieen tne 

ttro processes I n  genera l ,  wastes classified os "i?i,rh rcdioac t i\ i ; J  -  lo^^ 

r i t r a t e "  wastes are processed by chcmical p r e c i p i t a t i o p  ard f i l t r a t i o n ,  

analyzed on a batch basis, aril dischereed t o  t n e  draiw,-e d i t c ?  u p t r e m  

f ron t h e  sewage treatment p laqt .  "II ign n i t r a t e  I' trastes are evz;?orated dov*- 

eser, dde t o  t n e  l i rmted c a p c i t y  o f  t h e  evaporator, n ibh  n i t r s t e  $cotes  are 

scored i n i t i a l l y  i n  a s c r i e s  o f  three aspnal t - l ined  eraporation poqds f o r  

volune r e d w t i o n  Evaporati\e l o s s e s  have been s u f f i c i e n t l y  grect t o  preve it 

a continuin& increase  i n  tnc folurie o f  s tored waste Sludzc produed i ',ne 

* b o ~ t  oye-tWrd of t h e  e f f l u e n t  l i m i t  f o r  d i s s o l r e d  phtoniunL-2 jg  as 
s p e c i f r e d  i n  10CFR20, Appndix B, Table 11. Assumrg the pluioniuii i s  
t o t z l l y  i n  solut ion i s  conservat ive  s i n c e  t h e  correspondi?Z liiit f o r  
insolu'sle  plutonium i s  30,000 pCi/ l  
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T i e  sewage treatrne-it p l a n t  is a.n extended aera t io i  f a c i l i t ,  ?+uti a 

ciior:-ated e f f l u e n t  Utnoug-, $?e purpose o f  tile plmt 1 s  trie ci-eat-ient 

0: -o--r-A:oactive s a u t a q  dastes, some degree of decontmunilt-or o f  tne 

racvaszes fron B u i l k n g s  414, 776, and 881 is also rrc!iiefcd b; t 5 e  trea5,iert 

o r - s i t e  l a rdf i l l  unless established r a d i o a c t i g i t y  l i m t s  ere  exceecea I n  - 
tne l e t t e r  czse, t h e  sludge is d r m e d  f o r  s n i p e n t  to the Nationel Reac to r  

Test irg  Szation The p l a n t  e f f l u e n t  d s o  h2s a d i l u t i o n  e f f e c t  on wastes 

discnorged t o  the drainage di tch fmrn Buildings 771, 774, and 775. 

Altnough tne systea o f  ponds receiving the conbined plant e f f l u e n t  

wi?s designed t o  provide retention o f  l iquid wastes before entry into tLie 

unrestricted environment, the  ponds a l s o  function as a series 01 oridation 

pocds pronding a d d i t i o n d  treatment o f  t h e  organic-bearing wastes S i n i -  

l a r l J ,  the luxurious algal  g r o h n s  undoubtedly produce additioncl  decon- 

tmxnation o f  tne  p l m t  wastes. Iiowever, t h i s  reduction i n  tne  mount o f  

r z d i o z c t i c t y  released t o  the cnvironnent w i l l  not be real ized on a long- 

t e m  basis if the  pords are scoured during periods of h i &  run-off The 

c f f l u e q t  f r o n  the  pond system is sampled proportionzl t o  f low and 2001- 

posited f o r  analysis  (gross alpha, nitrate,  phosphate, f luoride,  end heua- 

vale?% cnmnium) 

order of 1.5 pCi/1 which by inference indicates  t h a t  plutonium releases  are  

Gross a l p a  a c t i v i t y  i n  the ef f l ient  i s  u s u d l y  on tne 

a 
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weU below the operational l i r m t  o f  1600 pCi/l.2 Phosphate concentmtion 

Average - 8.9 4 1  

Due t o  decontarmnation i n  the sewage treatment plmt and retention ponds, 

t h e  net release of gross alpha ac t iv i ty  t o  Walnut Creek dunng t h e  last h a l f  

of 1969 should have been less than t h e  t o t a l  o f  U.3 x curies shown i n  

Table I. 

Environmental Surveillance 

Monltoring of environmental radxoactivlty levels  in t h e  environs of  

0 the Rocky Flats P l a n t  is conducted routinely by personnel o f  t h e  Dow Chemical 

Conpany. Based on the semi-annual monitoring reports published in t h e  U. S. 

Public Health Service periodical, "Radiological. Health Data and Reports," the 

operational detaxls of the surveillance program axe the following: 

Type o f  Sarnple 

.r 

Water 

Veget et ion 

Description 

cc 
Ca 
WE 
Al 
as 

E2 
c c  
RE 

SC 
ea 

2E 
el 

ax 

intinuous air samples are collected at Coal Creek 
myon, Marshall, Boulder, LaFayette , Broomfield, 
q i e r  School, Golden, Denver, and Westminster 
ialyses o f  monthly composite samples are reponed 
-) a single average concentratlon for all stations. 
:cept during winter months, monthly samples are 
bllected from Baseline Reservoxr, Great Western 
tservoir, Standley Lake, and Ralston Reservoir. 
?rm-annual collectxon, e , durlng one month o f  
rch slx month reporting perrod. 
ialyzed in accordance w i t h  two col lect ion zones, 
:ss than f o u r  miles f r o m  t h e  plmt and four t o  
ghteen miles from t h e  plant 

Smples are 



a 

resul ts  ,or irater sm2les are regesentaii  re o f  to ta l  ac.r;ivit) (susF.idcd 

~ l u s  L s s 3 1  Ted) . . 
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Table I1 

Gross Alpna Activi t ies  i n  the Environs 

of the Rockv F la ts  P lant  

3 Corngosite A i r  Samples (pCi/M x lo'*) 

1968 januzry 0 3 1968 J u l y  0.5 1969 January 0 5 
Pebruary 2.2 August 0 5  February 0 4 
harch 0.5 September 0.6 March 0 2  

A p r i l  0 5  October 0 7 A p r i l  0 3  

May 0.3 November 0.4 flay 0 3  
June 0.7 December 0.7 June 5.3 

Grab vleter Samples ( p C i / l )  

Jan. -June July-DeC Jan -June 
1960 1968 1969 

Great de stern Re se rvoir  

Standley Reservoir 
2.3 
1-3 

1 4  

1 5  

1.4 
1.5 

, Brrseline Reservoir 
(7 miles north o f  s i t e )  1.2 0.9 0 9  

Ralst OII Reservoir 4.2 2 8  2 8  

Ve&etation ( pCi/kg) 

OctoDer 1967 

I < 3 miles 
3-78 miles 

' 0  

120 (21)* 

118 (40) 

Me3 1369 
< -+ ni les  84 (39) 

- 4 8  miles 77 (20) 

* a 3 e r  i n  parentheses denotes nunber of analyses 
Source 3eferences 3, 4, and 5 
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t ,rc Feriod extendin6 fro-, one da; a f t e r  t ne  f i r e  t , ~ r o u : f ,  OLtoccr 19~9 Ttie 

Staze qe?lt 1 Dep-rtmeit &so conducted an e x t e n s i i e  so,l LP.~ 3utza-  s e L - 5  7 b  

s a r r p l , ~ ; ,  Z X I ~ ~ W I  i n  F e o r d s r j  lp-(O S o i l  s a p l e s  were co l l ec t ea  1’ : le ?re? 

zrou-id trLe plarlt  up t o  e rsxirnm radi.11 dis tance  of SIX miles 5c::o- sed-- 

nent szqdes were c o l l e c t e d  from Walnut Creek, k o n a ~  Creek, Great : J e s t e r  

Zeser ro i r ,  Vower Reservoir,  StancXLe) Lake, and Ralston Rese-rvoir Arsal; ses  

f o r  strontium-89 and 90 and plutonium-239 were performed by tne  h ~ i i ~  Healt,i 

Ser ,  i c e  Soutiiwest Radiological  I k a l t n  Labora tor j  (Apwpdix B) . 
Following t h e  May 11 f i r e ,  members of t h e  Colorado Committee f o r  

Environmental Information also undertook a l imi t ed  program t o  deterrmne 

plutonium l e v e l s  i n  Coloredo eas t e rn  slope s o i l s  and at loca t ions  i~ trie 

v i c i n i t y  of tne  Rocky F l a t s  Plant I n  addi t ion  t o  trie s o i l  samples, water 

and bottom sediment samples were co l l ec t ed  from Walnut C r e e K ,  Great Western 

Reservoir, Calxins Lake, Ralston Reservoir, and t n r e e  more d i s t a n t  lakes: 

Boulder Reservoir (no r tneas t  of Boulder), Dodd’s Lake (northeast  of Boulder), 

and Boyd Lake (Loveland, C o l o r d o ) .  Based on t h e  results ootained for t h e  

s o i l  samples, it w a s  concluded ‘ h a t  c u r i e s  t o  t e n s  of. cu r i e s  of plutonium 

from tile ROCKY F l a t s  Plant  have been deposited i n  o f f - c i t e  areas.” 

in con t ra s t  t o  the estimate of 0.3 cur i e  by the  S t a t e  of Colorado Department 

of Health (Appendix B) 

T h i s  is 

Water Q u a l i t y  Off ice  Study 

Smpling Procedures 

Environmental samples w e r e  co l lec ted  on February 25 and 26, 1970 by Vater 

Q u a l i t y  personnel w i t h  a s s i s t ance  from Mr. A. rinzle, Coloredo Department of  



e A e d t i  " e  t y - p s  of samples cons is ted  of water smples, bottom s e d i n e i t  

szmples, e r d  f i l t e r  sand ar,d c l a r i f i e r  ur;derflow sa$Les from t n e  S r o o d r e l d  

dater Trenaeent P lan t  

Sz-:l:rg station locations tor water m d  bottom sedinent  smFles are 

-rcserted -7 Y z d e  I11 and 7iwre 1. Eotto,n sedimezt snn?les were c o l l e c t e d  

LJ ;or3._TiirrG k L e  oottom ere3 below the water l iqe IQA a x n d  trowel 2) 

LSizg t b - s  procedure, e&cn sediment s m p h  > a s  r e p r c s e p t z t i J c  of t he  bottom 

nost readrlj ai ai lable  for physiczl and cnemical r e z c i i o n s  with dissolved 

c o n s t i t u e n t s  I n  the water and recent l )  depos i ted  Ezterial. Crab samples of 

water vere c o l l e c t e d  i n  o r e  Gal lor  p l a s t i c  conta iners ,  2 t o  5 g d l o n s  per 

samrJle 

S o i l  smples ( top  1/C" - 1/8" of soil) liere c o l l e c t &  wi th  a !ter,d 

tmwel at t w e e  1ocatio;ls.  

1 U-igxzed 2x2 nea r  t n e  soutneast  co rne r  of Great Western Ireservoir, west 

of trie se-r,ice rozd. 

c 
L Approxinately 50 Leet southezst of t h e  road c u l l e r t  conveyin;; Wom-n Creel. 

mder  i yd iena  Street  Area r,no been Grazed 1:1 the  pest. 

3 1,ort.n side of Calkin., Lale ,  imout 300 feet east  o f  Lie water i i i take  sta- 

t,or (,razed field) 

T i c  sa~pli-2 site nea r  Great Ilestern Reservoir I ~ S S  u1 Lile  ,enerr1 a r e a  OL t h e  

I l o c a t i o n  a t  Z ~ C A  Lhe Colorado 3nmttee  f o r  Enviro-ncnial Inf ornat-or  



a 

F i l t e r  sand samples, oefore and a f t e r  backsfasung, and a s u D l e  of 

m e  c l a r i f i e r  underflow we,re collected a t  the Broom2eld Water Trea:r;lent 

? lan t  Tie f i l t e r  sand samples w e r e  col lected by scraping tne surface of' 

tne  sand bed w i t h  a hand trowel. The sample CGlleCted a t  the t e n u v t t i o n  

of the f i l t e r  run w a s  a mvcture of 'lscum'' and f i l t e r  sand (white), tne scum 

regresenting alum f l o c  c a r r i e d  over from the c l a r i f i e r .  Clzrifier ,?der- 

flow, a heavy s lurry,  was the product of a l u m  coagulation of G r e a t  rlestern 

Resemoir water Due t o  maintenance work on one of t he  two t r e a t n e z t  c i r -  

cu i t s ,  the  5 MGD plant  was nydraulically overloaded a t  the  t i m e  of s a p l e  

col lect ion.  

1.0 mg/l act ivated carbon, and 0 5 mg/l Palmer coagulant (product of the 

Cdgon Corporation). 

Raw water chemical dosages w e r e  50 mg/l alum, 20 mg/l soda ash, 

6 

Analvticdl Procedures 

The ana ly t ica l  procedures for determining gross  alpha radioact ivi ty ,  

t o t a l  alpha radium, uranium, plutonium, strontium-89 and 90, and tritium 

concentrations i n  t he  v a n o u s  environmental samples are described in d e t a i l  

i n  Appendix C Pretreatment of water samples consisted or" f i l t r a t i o n  througn 

a membrane f i l t e r  of 0.45 rmcron porosity 

dr ied  at lO3'C and ground t o  pass a No. 100 mesh s ieve before spec i f ic  

Sediment and sol1 samples were 

analyses w e r e  i n i t i a t e d .  

Since t h e  a n a l y t i c a l  procedure f o r  plutonium deterrmnes " t o t e l "  

plutonium, t h e  individual  results represent the contributions of plutonium- 

238 and 239, not plutonium-239 alone By vi r tue  of t n e i r  widespread occur- 

rence i n  t h e  atmosphere, both i s o t o p s  of plutonium w e r e  probably present i n  
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Table 111 

Sampling Stat ions 

Stat ion 
Number Description (Date of Collection) 

1 South fork of Walnut C-reek at s i te  boundary 
( 2/2 5/70 1 

2 Middle fork of Walnut Creek, 50 feet u p  
stream from confluence with north fork 
( 2/25/70 1 

8 

9 

10 

Main stem of Walnut Creek; 50 feet down- 
stream from confluence of south fork mth 
uuddle and north forks (2/25/70) 

Walnut Creek at Indiana Street (2/25/70) 
(a) E a s t  s ide of culver t  
(b) West side of culver t  at edge of small 

pond 

Great Western Reservoir at mouth of Walnut 
Creek (2/25/70) 

G r e a t  Western Reservoir, east end - r a w  
water sample collected a t  Broomfield Water 
Treatment Plant (2/25/70) 

Great Western Reservoir; south shore - com- 
posite sample collected along appmxmately 
one-half m i l e  of shoreline extending f r o m  the 
dm (2/25/70) 

Great Western Reservoir, south shore - com- 
posite sample collected along a 25 foot  strip 
i n  2 t o  5 inches of water (2/26/70) 

Great Western Reservoir, south shore - dis- 
crete  sample collected above water l i n e  from 
wave-deposited ( o r  reworked) sediments 
(2/26/70) 

Mower Reservoir at mouth of diversion ditch,  
west end (2/26/70) 

Water, Bottom 
Sedunent 

Water, Bottom 
Sediment 

Bottom Sediment 

Water 

Bottom Sedlment 

Bottom Sediment 

Water 

Bottom Sedment 

Bottom Sediment 

Bottom Sediment 

Bottom Sediment 

(continued) 



Teble 111 (continued) 

Samgling Sta t ions  

Station 
Nurnoer Description (Dzte 01’ Collection) 

11 Mower Reservoir, e a s t  end a t  dam (2/25/70) 

12 Woman Creek at Indiana S t r e e t  (2/26/70) 
(a) 
(b)  Channel downstream from pond 

Small pond east of t h e  road cu lve r t  

13 Standley Lake near mouth of Woman Creek 
(2/26/70) 

14 Standley Lake; east end (2/26/70) 
(a) 
(b) 

Center of dam near pumping s t a t i o n  
Southwest of dam along a 25 foo t  
edge of shoreline i n  zone of heavy 
wave ac t ion  

15 

16 

Calkins Lake, north side (2/26/70) 

Autrey Reservoir (approximately 4 tules 
northeast  of t ne  plant, Boulder County) 
(2/25/70) 

TJ F& 

Water, Boctorn 
Sedimeqt 

Water 
Bottom Sediment 

Bottom Sediment 

Water 
Bottom Sediment 

Water, Bottom 
Sediment 

Water, Bottom 
Sediment 
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a t h e  samples c o l l e c t e d  i n  t h e  

, t n e  b u l i  o f  the plutoniun i n  

environs  o f  t h e  Rocky Flats P l a n t  

each  case was probably a t t r i b u t a b l e  t o  

iowever, 

p l u t o n i ~ ~ - 2 3 9  T h i s  conclusion i s  based on tile plutonium monitor ing oi 

a i rborne  particulates and p r e c i p i t a t i o n  by t h e  U. S. P u b l i c  Health S e n i c e .  

During 1969 the data f o r  t n e  Denver sampling s t a t i o n  showed p l u z o n i m - 2 3 9  

concentrz t ions  t o  be s e v e r a l  t u n e s  h igner  tnan t h e  corresponding plutonium- 

238 concentra t ions .  Althougn t h e  a b i l i t y  t o  d i f f e r e n t i a t e  between plutonium- 

238 and 239 is o f  i n t e r e s t  from t h e  stm.dpoint of enalyticel p r e c i s i o n ,  it i s  

o f  acaderic importance i n  respect t o  eva luat ing  t h e  environmentel  impact o f  

p l u t o n i m - 2 3 9  emiss ions  from t h e  Rocky Flat5 P l a n t  T o t d  plutonium i s  en 

adequete parameter f o r  such an e v a l u a t i o n  s i n c e  t h e  effects o f  p l a t  emis- 

sions are based on i n c r e e s e s  above b a s e l i n e  va lues  (plutonium a t t r i b u t a b l e  t o  

atmospheric f a l l o u t ) .  la 
Results 

p’nysical and r a d i o l o g i c a l  data for t h e  water samples c o l l e c t e d  during 

t h e  February 1970 study ere tabulated i n  Tables IV and V. 

tritium (+3), stront ium-89 and 90, and radium ( t o t a l  a lpha)  i n  t h e  samples 

i s  a t t r i b u t a o l e  t o  n a t u r a l  s o u r c e s  and/or atmospheric  f a l l o u t  f r o m  n u c l e a r  

weapons t e s t s ,  not waste releases (scheduled o r  a c c i d e n t a l )  from t h e  Rochj 

Flats P l m t .  Tnc average dissolved concentra t ions  o f  these radio*iuclides 

were 1310 @i/1 o f  tritium, < 0.1 pci/1 o f  s t r o n t i u n - 8 9 ,  1 2 @i/1 of 

s t r o n t i w - 3 0 ,  and C 0 1 p C i / l  o f  t o t a l  a lpha r a d l u ?  

The p-resence o f  

AssJminG the a c c i d e n t a l  releases o f  plLto?iurn f r o n  t h e  i iozfy  Flats 

Plant  na‘ e not  caused mezsumble  i n c r e a s e s  i n  t h e  l e b e l s  o f  dissolved 



T a t l e  IV 

S t a t i o n  

dalnut  Cree<. 

Soutn io:’< a t  s i te  boundary (No 

tliddle f o r k  (No 2)  

Indiana S t r e e t  (No. 4 )  

1) 

Great GfeeteF. Reservoir (No 6) 

Mower Reservoir (No. 11) 

Standley Lake (No 14)  

Calkins Lake (NO. 15) 

A u t r e j  i3eservoir (No 16) 

Sol-ds Cowentracior ( - < i l j  

Susper ded DissolTrec, 

13 

4 

12 

4 

17 

< 1  

5 

16 

13 220 
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and tne batch nzture of l i q u i d  waste dischzrges. 

S i , l i l f icant  differenze is tne conceritratioc reported f o r  Great Western 

R e s e r , o i r  k i i c h  would be i n d i c a t i v e  o f  measuraole contaminatioi i n  tne 

r e s e r r o i r  as tne result o f  p l m t  wastes 

results i n  t h e i r  report iqdicates that this s t a t i o n  vas a c t u a l l y  located i n  

o r  nesr tne mouth o f  \ l a h u t  Creek: 

Whot does aogear t o  be a 

However, t h e  discussion o f  the 

11 The hignest Pu239 concertratioys observed ere tnose f o r  
Grezt Mestern Reservoir a d  tne  small roedside pond, botil on 
Walnut Creek .. ” 

T L i ~ s ,  this panicular sample was a p a r e n t l y  l o t  representative 01’ general 

water quality i n  Great Western Feservoir.  

Tne redloact ivi ty  data f o r  bottom sediment samples are gresected in 

Taole ‘41. Average :oncentrations o f  s tront im-69,  strontium-%, and t o t a l  

a lpha radiun i n  a l l  sediment s a q l e s  were < 0 5 ,  0.1, and & 9 $1 per grm 

dry de:gnc, respectively. For  a l l  s t a t i o n s ,  except tnose on Wz’hut Creek, 

the  uranum concentrations ranged from 0.4 t o  2 8 pg p r  gren dry veignt,  

q f e r c g i n ~ ;  1 0 p&/grm. 

m;ddle fork sample, no significant accumulation a t t r i b u t z b l e  to :he d i s z k r g e  

01 Lizniun-bearing l i q u d  wastes \.:as observed i n  the  Lialnut Creev samples 

E y c l m i q g  t - e  s t a t i o n  on tne r iddle  fork, the a v e r o y  t r i  EKJ” ~ o ? c e n t r a t i o n  

f o r  i l d m d t  Creek sediments was 1 5 pg/grmn 

pluzcr,un-233 ct bzseline l o c e t i o n s  (Autrey S e s e r r c x ,  S t ~ r L l e ;  L a k ,  zrd 

Ca.1 A ~ . S  L x c )  172s 0 05 pci p r  crzn d,ry veiCk’t 

Cowidering these values and t h e  result for t n e  

Ttie sfer2ge co?cenurztioq f o r  

Tnis h s e l r n e  concentration 

coiz?n?ble t o  tne conccn t r?^ t ims  r e p n e c  03 %lie C o l o n d o  Co--mttee Tor 
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e dependinc on whetner t h e  samples are co l l ec t ed  qc?r tne  head end 01 I I I C  

pond, Liie Lentcr, o r  j u s t  below the w a t e r l i n e  aloqg tlie pel-lpherj 01 I tlc 

_pond 

Walnut Creek and Woman Creek ( a t  Indiana S t r e e t )  w a s  prooably caused hy 

a n d  t r enspor t  and/or sur face  runoff of plutonium-contaminated s o i l  

S t z t e  of Colore%do also observed contaminztion i n  \loma? Creek - 1 0 pCi/gram 

f o r  a sample col lec ted  on Februery 18, 1970 

T?e contarmnatlon observed i n  sediment from the middle iork 01 

Tric 

Although c e r t a i n l y  not  conclusive, the sediment samples from Mower 

Reservoir and Great Western Reservoir iqd ica ted  measurable, a l b e i t  s l i g n t ,  

accumulation of plutonium as t h e  result of acc iden ta l  a i rborne releases from 

the  plant  The discharge of plutonium-bearing l i q u i d  wastes was not con- 

sidered a causative source s ince t h e  semples from Great Western Reservoir 

were co l l ec t ed  zt  l oca t ions  wherein t n e  ult imate depos i t ion  of sediment from 

Welnut Creek would be most unlikely.  Actually, t h e s e  sediment samples snould 

be considered r ep resen te t i J e  only of shallow, snore l ine  condi t ions and not 

the  general  bottom condi t ion i n  tne  r e s p c t i v e  reservoi rs .  Assuming t h e  bot- 

tom ma te r i a l s  i n  these snellow areas w e r e  similar t o  nearby t o p s o i l s  as 

rega,-ds -plutonium Toqtent, the suggested p o s s i b i l i t y  of accumulation ebove 

basel ine v a l u e s  in t he  sqoreline sediments i s  not completely implausible.  

Botn r e se rvo i r s  a re  w i t h i n  sec tors  charac te r ized  by "e lcmted"  l eLe l s  01 

p l u t o n i r  I n  soil (Appendix B) 

The c l a r i f i e r  underflow sanple f rori t h e  Broorrf i e l d  Water Treatrneqt 

Plant showed t ' la t  tne treatment process produced e fin,saed water of lower 

x a i w  ~ - , d  plutonium coycentrat ions t h m  t ne  raw water On a d q  wei@ 
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Sts face  contarmnatlon of land sur faces  i n  the v i c i n i t y  of t a e  Rocky 

F l a t s  P l a t  has occurred as the r e s u l t  o f  uncontrol led re leases  of  Pluto- 

dum. Tne s p e c i a l  s o i l  sampling program conducted by the  S ta t e  o f  Colorado 
I 

i n  Februsry 1970 showed plutonium concentrat ions i n  excess o f  thz t  a t t r i b -  

utable t o  g loba l  f a l l o u t  at radial d i s t ances  up t o  t h r e e  miles from t h e  

plant  bouidary 

t o  the  p lcn t  snowed t h e  max(nnnntopsoi1 concentrat ions of plutonium-233, 

2.5 and 11 $1 per  G r a m  dry weignt It was t h e  S t a t e ' s  conclusion t h a t  t n e  

prlmary sodrce o f  contamination was t h e  " incident"  involving t h e  l e u a g e  o f  

o i l  and not  the May 11, 1969, f i r e  I n  cont ras t ,  t he  report  of toe Colorado 

The two sec to r s  (refer t o  Appendix B)  immediately edjacent  

I 

C o m t t e e  f o r  Environmental Information s t rongly  suggested the  May 11 f i re  

as the  p r n a r y  causat ive f ac to r .  As far as the pub1.c heal th  impl ica t ions  

of tne  l a i d  contemination are concerned, t h e  source, whether it be t n e  

incident  involving the  f i r e  o r  t h e  oil leakage, is not  r e a l l y  reve lan t  

It is extremely difficult t o  attempt t o  r e l a t e  plutonium concentra- 

t i o n s  i n  mconsol ida ted  topso2l t .o  possible  o r  p o t e n t i a l  l e v e l s  o f  numan 

exposure Deposited in-place,  t he re  i s  no s i g n i f i c a n t  nenl th  r i s k  Externa l  

exposure h i l l  not occur because 01 the  very l imi t ed  range of t he  e n i t t e d  

al-ma rcc,ation S u n i l a r l y ,  t r a n s f e r  through the  food chain ( f o r  erample, 

s o i l  t o  kege ta t ion  t o  wild & m e  o r  grazing s tock)  w i l l  be of no comequence 

s ince plutonium i s  absorbed by p l a n t s  growing on contaminated soil t o  only  

an in f in i zes ima l  degree However, resuspension and w i r , d  t r anspor t  of 

I contmine ted  p a r t i c u l a t e s  - ap-rently a l i h e l y  condi t ioq f o r  tne Pocky F l a t s  

zree-may l e a d  t o  lnna la t lon  and resu l tant  radiation dose For dls:J.sslon of 1. 
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leqgtn of Walnut Cree&. Representmc accumulation md  de-wsi t ion over an 

u n d e t e m ? e d  period of tme,  t w  February 1970 sediaent sanples cortoi?ed 

p lu to r iw ,  17 concent ra t icns  as nigh as 3 5 pCi/grec (State  of Colorado 

data sr?owed a maximun o f  about 20 p k / g r m )  

tdo processes:  

rial i n  t h e  e f f l u e n t ,  and 2) transfer of plutonium from t he  d isso lved  

( ion ic )  state by c n e m c a l  p rec ip i t a t ion  and/or adsorpt ion.  

p i n t  of environmental s ign i f icance  as regards human e x p s u r e ,  plutonium 

d e s s i t e d  i n  Walnut Creek i s  of no cowequence, However, tnese co?tarmnated 

sed iaents  are per iod ica l ly  flushed out  of t h e  creek and deposited i n  Great 

Western Reservoir wnerein there exists a v a i l a b i l i t y  fo r  incorporRtion and 

acc1mulation i n  the aquat ic  web. Tne l n d t e d  availcble information on the 

movement of plutonium i n  the environment ind ica t e s  triat b io log ica l  accamula- 

t i o n  as w e l l  as d i s s o l u t i o n  of p l u t o n i m  from the sediment w i l l  be negl ig i -  

ble .  

ducted t o  ensure t h a t  these predic t ions  are indeed valid. 

Such accumulation occurs  oy 

1) depos i t ion  of plutonium assoc ia ted  w i t h  suspended mite- 

From t n e  stand- 

Nonetneless, the  previously mentioned study of September 1970 was con- 

I n  con t r a s t  t o  t h e  s i t u a t i o n  i n  the soutn for'.. and main stem of 

Slalnut Creek, t h e  sources  of elevated plutonium corcentrations i n  samples 

from the  middle fork  of Walnut Creek, Woman Creek, and shallow shore l ine  

~,-.easo? G r e a t  Western Reservoir m d  Mower Reservoir w e r e  considered t o  be 

e i r  t r a n s p r t  and sur face  runoff of plutonium-contarmnated s o i l .  As noted 

i n  ttie preceding pzragraFh, t h e  pldtonium deposited i n  these ereas i s  prob- 

ably  b io log ica l ly  and chemically i n e r t  



Iycrezsed  l e v e l s  of d i sso lved  r a d i o a c t i v i t y  a t t i i b u t a b l e  L O  >ia?t  
e 

releases wew not observed i n  any of t h e  l u e s  and reservoirs sampled 

cI1 - m s  f ind i?g  i s  gene ra l ly  supported by t h e  long-term monitor ing data coa- 

r d e d  by ;lmt personnel f o r  s e v e r a l  r e s e r v o i r s  i n  t h e  plant envi rons ,  

rncludiz?? Creat kes t e rn  S e s e m o i r  and Standley Lake However, s i n c e  t n e  

plant  monitoring program i s  l i n t  ed t o  t o t a l  g ross  a lpha  de teminac ions ,  

d e t e c t i o n  of small i n c r e a s e s  i n  plutonium concentrat ions,  such as tnose  

observed i n  Walnut Creeh, would not  be expected It i s  also i n t e r e s t i n g  

t o  note  t n a t  the concent ra t ions  of d i sso lved  u r e n i m  i n  the  grab water 

samples from Great Western Reservoir  And Standley Lake almost t o t a l l y  

account f o r  t he  corresponding reported levels of t o t a l  gross alpna copcer- 

t r a t i o q s  The r a d i a t i o n  dose z s soc la t ed  w i t h  t h e  u t i l i z a t i o n  of Great 

Western Feservoir, Standley Lake, and Calkins  Lake as sources  of pub l i c  

weter su~-ply  i s  negl ig iDle  Without t ak ing  c r e d i t  f o r  possible concentra- 

t i o n  reduct ions  achieved by water t rea tment ,  the dose received by members 

of eacn p o p d o t i o n  group served i s  less tnan  one one-hurdred-tnousan3th 

I 

I 

a 

of the dose l i m i t  f o r  i n d i v i d u a l s  

Tne apparent e f f e c t i v e n e s s  of the Broomfield water t rea tment  process  

f o r  reducing uranium and plutonium concent ra t ions  - raw versus f i n i s h e d  

dster - - 2 s  ind ica ted  by t h e  r a d i o a c t i v i t y  results f o r  the sample of set t led 

u u m  slu&ge. On a dry  weight Desis, t n e  plutonium and Lranium concentra- 

tions 1-1 tne sludge were comparable t o  t n e  plutoniim concent ra t ions  and 

about 40X t h e  uranium concent ra t ions  i f i  WaL?ut Creek sedimerlt 

t he  sludge i s  t o  8 small r e t e n t i o n  pond e d j m e n t  t o  t n e  water t rea tment  

Disposal  05 

p lan t  ‘ 0  



1. Aoutinc monitoring of radiocctrvity levels  iq ~ a ~ c r  i n  t 1c e i f l u e r ,  I 

I 

t o  : .dnut Cree.\, !Jalnut CieeAL (at Indiana S v r c e t  cul e r t )  x u  G x r t  

I siiosld be conductcd f o r  pluLoniuri-Ljc) and u r z  LUT 
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COLORADO I 4 HEALTH 

4210 EAST  1 1 T H  A V E N U E  D E N V E R ,  C O L O R A D O  80220 PHONE 388-6111 , 
R L CLEERE M D  M P H  DIRECTOR 

June 9 ,  1 9 7 0  

E n c l o s e d  are c o p i e s  o f  t h e  l a tes t  s u r v e i l l a n c e  i n f o r m a t i o n  on t h e  Rocky F la ts  
P l a n t  You w i l l  n o t e  t h e  s o i l  sample r e s u l t s  c lear ly  i n d i c a t e  t h e  d i s t r i b u t i o n  
of t h e  239Pu c o n t a m i n a t i o n  

B e f o r e  b r i e f l y  d e s c r i b i n g  t h e  s o i l  a n a l y s i s  r e s u l t s ,  i t  might  b e  well  t o  f i r s t  
e x p l a i n  t h e  sampl ing  t e c h n i q u e  used  

The  U S P H S .  o b l i g a t e d  t h e m s e l v e s  t o  a n a l y z e  25 t o t a l  samples  f o r  239Pu and 
9 0 S r  c o n t e n t  
tremely time consuming and t h e y ,  o f  c o u r s e ,  have o t h e r  commitments f o r  o t h e r  
s u r v e i l l a n c e  ac t iv i t i es .  To take f u l l  a d v a n t a g e  o f  t h i s  l i m i t e d  number o f  a n a l y -  
ses,  it  was d e c i d e d  that a c o m p o s i t e  s a m p l i n g  program was i n d i c a t e d  As you c a n  
see by  t h e  map a t t a c h e d  t o  t h e  s o i l  a n a l y s i s  r e s u l t s ,  t h e  area a r o u n d  t h e  Rocky 
F l a t s  P l a n t  was d i v i d e d  i n t o  1 3  sectors T h e s e  sectors were l o c a t e d  a t  1 ,  3 and 
6 mile d i s t a n c e s  from t h e  p l a n t  boundary Twenty- f ive  s o i l  s a m p l e s  were c o l l e c t e d  
in e a c h  sector w i t h  20% o r  5 s e p a r a t e  s a m p l e s  c o l l e c t e d  a d d i t i o n a l l y  i n  e a c h  s e c t o  
and r e t a i n e d  f o r  f u t u r e  r e f e r e n c e  E a c h  l o c a t i o n  sampled i s  approximated  on t h e  
map. The number o f  c o m p o s i t e  s o i l  s a m p l e s  i n  t h e  d e s i g n a t e d  area t o t a l e d  325 
Composi te  s e d i m e n t  samples o f  s i g n i f i c a n t  water b o d i e s  t o t a l e d  190 The s o i l  san- 
p l e s  c o l l e c t e d  were o f  t h e  t o p  1/8" o f  u n d i s t u r b e d  s o i l  whicn would b e  i n d i c a t i v e  
o f  t h e  most severe h e a l t h  h a z a r d  i n  r e g a r d  t o  r e - s u s p e n s i o n  from t h e  s o i l  t o  t h e  
air .  

T h i s  was b e c a u s e  t h e  p l u t o n i u m  a n a l y s i s ,  i n  p a r t i c u l a r ,  i s  ex- 

It i s  i n t e r e s t i n g  t o  n o t e  t h e  s i m i l a r i t y  o f  r e s u l t s  o f  t h e  7 5  background samDles 
c o l l e c t e d  i n  L i m n ,  Love land and P e n r o s e  areas u s i n g  t h e  same c o m p o s i t e  sampl ing  
t e c h n i q u e  a s  d e s c r i b e d  a b o v e  Although w e  p l a n  t o  expand t h e  number o f  backgroun 
s a m p l i n g  areas, we a n t i c i p a t e  that t h e  p r e s e n t  samples a c c u r a t e l y  d e s c r i b e  t h e  
239Pu "background" levels  o n  the E a s t e r n  S l o p e  T h e s e  levels are due a l m o s t  e n t i r  
from f a l l o u t  from p a s t  a t m o s p h e r i c  n u c l e a r  t e s t i n g  

A l s o  worthy  o f  n o t e ,  are t h e  r e s u l t s  o f  t h e  "Sr analyses and t h e  2 3 9 P u / 9 0 S ~  r a t i o  
f o r  s e c t o r  s o i l  samples, "background" s o i l  samples  and s e d i m e n t s  T h e s e  r e s u l t s  
would i n d i c a t e  t h a t  t h e  23gPu r e s u l t s  a l o n e  are t h e  b e s t  i n d i c a t o r  o f  t h e  e f f e c t  
t h a t  t h e  Rocky F l a t s  P l a n t  h a s  had on t h e  environment  
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1s our conclusion that no public health hazard now exists from past releases 
from the Rocky Flats Plant It would be impossible, however, to estinate anv 
hazard which existed in the past. The highest concentrations were found adjzcent 
to the plant at the eastern boundary This area is directly downwind fro? c?,e 
area that the leakage o f  plutonium-contaminated oil and subsequent soil contani- 
nation occurred sometme during the period of 1955 through 1967 T n e  nain oil 
spill area was covered with asphalt in September, 1969 and an apron of 3" o f  base 
course naterial was completed around this area in March, 1970 The plutonium 
levels in the soils in this area were high and the material was carried downwind 
The elevated 239Pu levels in Sectors 1, 2, 6 and 7 are primarily the result of  this 
"incident I' 

Sector 2, which has the highest concentration of 239Pu, can best be described as a 
non-populated area, access to which is not controlled In a paper by R L Kathren 
(1968), which was an extensive review of work done on plutonium contarination, 

posed. 
levels for occupancy by the general public 

1 

I 

I 

I "interm acceptable surface contamination levels for environmental Pu02" are pro- 
Based on dose to pulmonary lymph nodes, the following would be acceptable 

Urban areas 10 dpm/cm2 
Rural areas 100 dpm/cm2 

I 

ICRP Publication 14 (1969) states that the dose limit for plutonium on the basis of 
sk to lymphoid tissue is not warranted. Adjustment o f  the above proposed accept- 
e levels would be upward by a factor of 2 or more Based on the conservative l i b  merical terns used by Kathren, the level identified in Sector 2 ( 8  dpm/cm2) 1s 

safe (acceptable) by at least a factor of 2 5  If the entire 13-sector area 
(0.3 dpm/cm2) is used, the factor would range from 70 to 700 depending on whether 
the entire area would be considered as urban or rural, respectively Less conser- 
vative Llmits would, of course, provide a greater factor, and several of these were 
reviewed, 

Extrapolation of  the data indicates that the total 239Pu soil contamination of the 
environment around the Rocky Flats Plant attributable to the plant approximates 
0 3 Curie (4 9 grams 239Pu) at the present time, 57% of which is located in Sector 2 

, 

I 

Because hazard analysis based on soil data utilizes arbitrary re-suspension and "air 
concentration half-life" factors, the only proper method to thoroughly evaluate the 
situation is by air surveillance 

The Department's plans are to continue, and in some cases increase, air surveillance 
activities downwind from b o t h  the contaminated area and the plant in general, and to 
work with Rocky Flats personnel in an effort to more Fully identify and control any 
potential contaminant releases from the plant Samples from Sector 2 will be col- 
lected and analyzed to determine the long-term characteristics o f  239Pu in soils, 

a I 
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and of course as previously mentioned, an expanded effort will be made t o  es-  
tablish an existing 23% ''background" for Colorado 
additional funds a higher percentage of samples (air, water and s o i l s )  will 
be analyzed for 239Pu, thereby giving the Department an independent capability 
f o r  hazard analysis, and definition of plant releases 

With the provision of 

If you have any questions regarding this matter, please let us know 

Sincerely, 
/7 

P W. Jacoe, Director 
Division o f  A i r ,  Occupational, 
and Radiation Hygiene 

PWJ/md 
Enclosures 





SOILS 
Ba c k R r  ou nd s 
Sample Date 

2 /18 /70  
2/18/70  
2 /18/70 

' 0  

Samples 
2 /18 / 7 0  
2 /19/70  
2/18/70  
2/18/70  
2/18/70 
2/18/70  
2/19/70  
2/18/70  
21 18/70 
2/17/70 
2/18/70  
2/17/70 
2/19/70  

SEDIMENTS 
2/18/70 
2/18/70  
2/18/70 
2/18/70  
2 /18/70 
2/18/70  
2/18/70 
2/18/70  
2 125 170 
2/25/70  

2/25/70  

Notes 

The s o i l  was 
plutonium by 
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U S P H S  - SWRHL Analysis 
S o i l  6 Sedunent Sampling 

Location 
Limon, Colorado 
Loveland Colorado 
Penrose Colorado 

Area 1 
Area 2 
Area 3 
Area 4 
Area 5 
Area 6 
Area 7 
Area 8 
Area 9 
Area 10 
Area 11 
Area 12 
Area 13 

Upper South Walnut Creek 
Walnut Creek 
Pond Walnut Creek and Indiana 
Great Western Reservoir 
Woman Creek 
Mower Reservoir 
Stand ley Lake 
Pond West o f  Indiana and 96th 
Ralston Reservoir i n l e t  
Ralston Reservoir high water 

Ralston Reservoir 100 yds. 
mark a t  i n l e t  

from i n l e t  

Results 

dpm/g d r y  soil 
239Pu 90sr 
0.13 
0 11 
0 11 

5 55 

0 2 9  
0 31  
0 24 
1 00 
1 02 
0 0 4  
0.02 
0.38 
0 07 

L 0.02 
0.04 

24 4 

46.6 
109.0 

28 .9  
0.53 
2.18 
0.89 
0.07 
0 53 
0 40 

0.02 

0.16 

2 9  
1.8 
1 6  

2 4  
2 4  
3 3  
3 6  

15 8 
1 6  
1 3  
1 1  

== 0.4 
4 0.4 

0 9  
0 9  
1 1  

4 0 4  
L 0.4 
C0.4  

0.4 
0.4 

C 0.4 
4 0 4  

10s t 
0.4 

4 0  4 

1 0 . 4  

K a t i o  
Pu /S r I 

0 045 
0.061 
0 069 

2 3 1  

0 OS8 
0.086 
0 015 
0 6 2 5  
0 785 
0 036 
0 050 
0 950 
0.078 
0.022 
0 ,036  

10 2 

analyzed f o r  strontium by acid leach and ion exchange and f o r  
t o t a l  d i s s o l u t i o n ,  ion exchange and electroplat ing 

The values that  appear h i g h  were rechecked and the values confirmed. 

A l l  Strontium 89 concentrations were found t o  b e  l e s s  than 1 1 dpm/gm 
of dry s o i l  

A J H  vam 5/25/70  



)ector 

1 

2 

3 

4 

5 

6 

7 

8 

, 

3 9Pu 

5 55 

24.4 

0 29 

0.31 

0.24 

1 00 

1.02 

0.04 

Total 239Pu Actlvrty Ey Sector 

*39PU 

dnm/cm2 

1 78 

7 81 

0.09 

0.10 

0 08 

0 32 

0 33 

0.01 

Area 

2 cm 2 - mi - 
2 1  5 4 x 1010 

2.2 5.7 x 1010 

2.1 5 4 x 1010 

2 1  5.4 x 1010 

9 4  2 4 x 1011 

9 4  2.4 x LO1’ 

9.4 2 4 x 1011 

9 . 4  2.4 x lo1’ 

10 
dpm x 10 

9 59 

44 5 

0 501 

0 536 

1 84 

7 68 

7 83 

0 307 

0.02 0.01 16 1 4.2 x lo1’ 0.269 8 0.38 0 12 13 .O 3 4 x 1011 4 13 

11 0 07 0 02 13 .O 3 4 x 1011 0 762 

12 < 0.02 ( 0  0 1  13 0 3 4 x 1011 0 218 
I 

13 0 04 0 01 13 0 3 4 x 1011 0 435 

Totals - 0 27 114 2 396 x 1O1O 78 6 

0 12 0 04 - - 11.4 Bkg 

Net (Dow soil contaminatlon contribution) 

0 30 C 1  239Pu x 16 2 gms 239pu/Ci 2 3 9 p ~  = 4 g ps 239p,, 

0 0432 

0 2005 

0.0023 

0 0024 

0 0083 

0 0346 

0 0353 

0.0014 

0 0012 

0 0186 

0 0034 

0 0010 

0 0020 

0 354 

0 051 

0 30 

a 



halyt  ical l\!ethods 

Tqe a n s l y t i c a l  procedures used i n  t h i s  stud;, -re taken irom tt7e 

puclisned l i t e r a t u r e  w i t h  adaptet ion o r  modif icat ions d e  I n  trie pre- 

treatmeqt of the  sample t o  f i t  the published analytLca1 procedure Tne 

lmi5 o f  de tec t ion  is t h a t  l i m i t  which i s  def ined ir  the J a t i o n a l  Bureau 

o f  Stmdards  Maldbook 86, page 26 

Analyses  f o r  w a t e r  were done on t h e  d isso lved  por t ion  only, tha: 

is, Lie portion which passes  througn a 0.45 p p o r o s i t j  m l l i p o r e  f i l t e r  

Soils and sediment samples were d r i ed  a t  105" - llO°C, ground and sielred 

t o  100 mes? .  

Gross Al.21~ Analyses 

One hundred uul l igrams of dissolved s o l i d s  o r  sediment were trans- 

f e r r ed  t o  2 s t a i n l e s s  steel planchet, d i s t r i b u t e d  e e r i l y ,  f ixed by a d i l u t e  

l u c i t e  so lu t ion ,  and alpha counted i n  an i n t e r n a l  proportional counter  

The background count rate was nommally 0.1 cpm and the detec t ion  e f f ic iency ,  

based on a radlum-2S6 standard,  was nominally 3O$ The lint of detec t ion  

f o r  water samples var ied  w i t h  dissolved s o l i d s  concentration, ranging from 

1 - 4 pCi/l,and fo r  sediment and s o i l  samples, 1 4 pCi/g. 

T o t a l  Alpnc Radium 
0 Tne procedure used was that of Goldin, witn modifications made for 

trie pretreatment of sediment and s o i l  samples. This  modification consis ted 
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T r i t  i un  
12 

T h i s  procedure is t aken  from Krieger e t  al, w i t h  t n e  exceptioq 

tna t  t n e  volme r c t i o  of s c i n t l l l a t o r  t o  sample i s  increased to 5:l 

Limi t  of detect lon 1s 400 pC1/1. 
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This report presents the findings of  trie SeDtember environmenta 
radiation study conducted i n  the environs o f  the Rocky Flats  Plutonium P l a n t  
(near Golden, Colorado). The fiel_d study and subsequent laboratory analyses 
were -conducted by the staff of the Radiological Act iv i t i es  Section, Division 
o f  Technical Support ,  Water Qual i t y  Office,  Environmental Protection Agency, 
Cincinnati, Ohio (an organizational u n i t  of the Federal Water Qual i ty  A d m i n i s -  
tration a t  the time o f  the study, reorganized-into €PA i n  December 1971) 
Due to  personnel transfers and changes i n  program responsi b i  1 1  t i e s ,  a report 
on the study was not completed by the Radiological Act ivi t ies  Section prior 
to i ts  dissolution from the EPA organizational structure dur ing  the f i r s t  half 
o f  1973. Since the primary investigators are now members o f  the Technical 
Investigations Branchl Surveillance and Analysis Division, and the environ- 
mental impact of the Rocky Flats  Plant i s  a Region VI11 concern, publication 
i s undertaken as a regional responsi bi 1 1  ty. 

, 
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I f l  T R 0 DUCT I C N 

Dur in s  the week o f  F2bruary 20, 1970, representat ives o f  the Federal 
Water Qua l i ty  Administrat ion v i s i t ed  the Rocky F l a t s  P lant  of the Atomic Energy 
Conmission ( located approximately 21  mi le s  northwest o f  Denver, Colorado, - -- 
between Golden and Boulder) The purpose o f  the v i s i t  was t o  obtain informa- 
t ion  on l i q u i d  rad ioact ive  waste management practices-at the f a c i l i t y  and the 
environmental surve i l lance a c t i v i t i e s  i n  the p lant  environs Co inc ident ly  
w i t 4  t he  s i t s  v i s i t ,  l im i ted  water and bottom sediment sampling was conducted 
to obtain independent data on plutonium l e ve l s  i n  surface waters rece iv ing  
drainage ( l i q u i d  wastes and land runoff) from the s i t e  and i n  other nearby 
lakes. The f i nd ing s  of  the invest igat ion  were reported previously i n  1971 (1) 

As a follow-up t o  the February 1970 invest igat ion,  an intens ive  f i e l d  
study was conducted dur ing  the period o f  September 21-25, 1970. The bas i c  
ObjeCtiVeS were to  determine plutonium l e v e l s  in  the res ident b iota  of Great 
Western Reservo i r  and Standley Lake and the overal l  d i s t r ibut ion  o f  plutonium 
i n  the bottom sediment of Great Western Reservo i r .  A t  l ea s t  to  the date of 
the study, off-site surve i l lance by the p l an t  contra?tor, Dow Chemical Company, 
cas l imited t o  water and s o i l  sampling, plutonium i n  aquatic biota was a 
monitoring void-Stations on Walnut Creek and Woman Creek, inc lud ing  Mower 
-Reservoir, were r e v i s i t ed  to  obtain addit ional  data on plutonium i n  bottom 
sediment and document changes which had occurred i n  the intervening seven month 
per i od 

By v i r t ue  o f  the f a c t  that t h i s  repor t  presents the f ind ings  o f  the 
September 1970 study, it  const itutes a supplement to the previous Ap r i l  1971 
report  

- 1 -  



SAMPLING P2CCEDURES 

Sampling stations for water, benthic organisnis (benthos), and b o t t o m  
sediment are  l isted i n  TABLE I and shown i n  FIGURES 1 - 1 1 1 .  W i t h  the exception 
of sediment and benthos collection s tat ions  on Great Western Reservoir and 
Standley Lzke, the sampling locations were identical t o  those establi  shed d u r i n g  
the February 1970 study 
collected d u r i n g  the period o f  September 21-25 

sample (approx 4 l i t e r s )  collected a t  each s t a t i o n  throughout  the study period 
I t  was assumed that samples collected from the shallow water a t  the darn faces 
were representative of the raw water pumped to the treatment plants s ~ r v l n # h  e l  
si t i e s  o f  Broomfield (Great k t e r n  Reservoir) and Westminster (Standley Lake) 
Uranium and plutonium analyses were conducted on composite ( 3  or 5 days) or the 
separate grab samples 

Bottom sediment samples were collected from Great Western Reservoir and 
Standley Lake (FIGUKtS 11 and 111) w i t h  dredqes, Pitersen or Eckrnan, and a c x e  
- w r .  At a l l  other stations (creeks or impoundments), sediment samples were 
collected by scraping the bottom area below the water l ine w i t h  a hand trowel 
The use of the hand trowel probably produced samples more representative o f  a 
thinner surface layer than those obtained w i t h  a dredge, particularly the 
Petersen dredge -Similar t o  the col lect ion o f  sediment samples, benthos samples 

L-J 

il. 1 
1. I 
Ti 
c- 1 

I I:1 A s  noted i n  the preceding section,  a l l  samples were 

- - 
Water sampling was limited to three stations (TABLE I )  w i t h  a d a i l y  g r a b  

I 

were 
u s  
i n  a 

col lected w i t h  dredges 
Standard No 30 sieve All material retained on the sieve was preserved 
5% formalirr solution for subsequent sorting and identification of the i n -  

These samples were sieved i n  the f i e l d  using a 

vertebrates and plutontum analysis 

- Fish samples were collected w i t h -  electro-fishing equipment from the 
shallow water areas near the dam and i n l e t  o f  both Great Western Reservoir and 
Standley Lake. The f ish  were placed on i ce  immediately af ter  collection and 
maintained i n  a frozen state until processed for plutonium analysis A l i s t  
of the species collected from each area i s  presented i n  TABLE I 1  

Soi l  samples were collected a t  two o f  the three stations previously 
sampled i n  February 

( i )  Grazed area j u s t  t o  the southeast of the road culvert conveying 
Woman Creek under Indiana S t r e e t ,  

(2) Ungrazed area near the southeast corner of Great Western Reservoir 

These samples were collected w i t h  a hand trowel to a depth o f  1/8-1/4 inches 

- 2 -  
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I- I 
TABLE I 

SRlPLING STATIONS 

Sample Type S ta t  i on Number 

Water wc-1 - 
- 

Bottom Sediment A-1 

CA-1 
w- 1 
M-1 

M-2 
wc 

wc-1 
wc -2 

wc-3 

wc -4 

1-20 & 1c-12c 
21, 22, 13C, & 14C 

Benthos 

F i s h  

1, 3-12, & 14-17 
21 & 22 

Descr ipt ion 

Walnut Creek a t  Indiana Street 
Great Western Reservoir  a t  dam face 
Standley Lake a t  dam face 

Autrey Reservo i r ,  approximately 4 m i  1 es  

Calk ins  Lake, north shore 
Woman Creek a t  Indiana Street 
Mower Reservo i r  a t  mouth of d iver s ion  
d i tch ,  west end 

Mower Reservo i r ,  east  end a t  dam face 
Walnut Creek a t  mouth, i n l e t  o f  Great 
Western Reservo i r  

Walnut Creek a t  Indiana Street  
Main stem o f  Walnut Creek, 50 feet  down- 

stream o f  confluence o f  south fo rk  
with middle and north fo rks  

Middle f o r k  of Walnut Creek, 50 feet  
upstream of confluence with north f o r k  

South fo rk  of Walnut Creek a t  s i t e  bound 
a rY  

Great Western Reservoir 
Stand1 ey Lake 

Great Western Reservoir 
Standley Lake 

northeast  o f  plant,  Boulder County 
I 

- - 

Great Western Reservoir, i n l e t  and near 

Standley Lake, i n l e t  and near dam face 
dam face 

- 6 -  



L 1 
TABLE I 1  

ELECTRO-FISHING - SPECIES OF FISH 

- - 
- Location -- Spec1 es 

- L f  - 
Great Western Reservoir 

(A) Near i n l e t  Carp 
Northern Common Shiner 
Western White Sucker 

Carp 
Green Sunf 1 s h 
Johnny Darter 
Northern Common Shiner 
Western White Sucker 

(B) Near dam 
I ,3 

Standley Lake 
(A) Near inlet Carp 

Green S u n f  1 sh 
Large mouth  Bass 
Northern Common Shiner 
Western White Sucker 

- Ye1 1 ow PercL: 

11 
1 1  

B7 ack Bull head 
Carp 
Green S u n f  1 s h 
Large mouth  Bass 

- - Yellow-Perch - - 

c- 3 
1, I 
il I 

- 7 -  
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Ana lv t i ca l  r e s u l t  

RESULTS 

for  water. botrom ?diment, ben hos ,  and f i s h  samples 
are  presented i n  TABLES 111-VI1 
were analyzed f o r  both d i s so lved plutonium and uranium, rad io log ica l  ana ly s i s  
was l im i ted  to  the measurement of plutonium Ana t i c a l  procedures were the 

With the exception o f  water samples which 

same a s  those described iri the Apr i l  1971 report  I1 1 I 

Water 

Plutonium and uranium i n  the water samples from Walnut Creek, Great Westerr, 
Reservo i r ,  and Standley Lake were e s s e n t i a l l y  a t  base l ine  l eve l s  (TABLE 111) 
and r e l a t i v e l y  unchanged from February 1970 l e v e l s  D i s so lved uranium concen- 
t r a t i on s  were l e s s  than 2.5 u g / l ,  typ ica l  o f  natural  background i n  surface 
waters D i s so l ved  plutonium concentrations were l e s s  than 0 03 pCi/l which 
was considered i n  1970 to  be a base l ine  condit ion  a t t r ibutab le  to atmospheric 
f a l l o u t  I n  comparison with  the February 1970 r e s u l t s ,  the only difference 
was the absence o f  an elevated uranium concentration i n  Walnut Creek (at  Ind ian?  
St reet)  o r i g i n a t i n g  from p lant  waste discharges However, t h i s  f ind ing  i s  not  
o f  great  consequence s ince  tbe elevated concentrat ion observed i n  February was 
not  l a rge  and could be questioned a s  a normal v a r i a t i o n  i n  background 

As a matter o f  general i n teres t ,  surface runof f  f r o m  r a i n f a l l  was the 
reason f o r  the h igh  suspended s o l i d s  concentration i n  Gklnut Creek on the l a s t  
day of sampling, September 25 

Bottom Sediment and Soil 

I n  terms o f  a general comparison among s t a t i on s  sampled during both tne 
February and September s tud ies,  plutonium l e v e l s  i n  sediment co-llected in  
September (TABLE I V )  were equal t o  o r  less than the corresponding February 
r e s u l t s  
from emiss ions  from the Rocky F l a t s  P lant  - Ca lk in s  Lake and Autrey Reservo i r ,  
plutonium concentrat ions i n  sediment were 0 04 and 0 07 pCi/gram, respect ive ly  
These data were ident ica l  with the February r e s u l t s ,  reaff i rming the conclus ion 
that  ti-2 base l ine  concentration i n  the bottom depos i t s  o f  area surface waters 
was 5 0 10 pCi/gram 
Moweh Reservo i r  exhibited an apparent two-fold increase i n  plutonium between 
rebruary and September 
a t t r ibutab le  t o  normal concentration var ia t ions  and the r e l a t i v e  imprecision of , 
the s o i l  sampling procedure, pa r t i cu l a r l y  i f i  an area of l c ~ r  con tn ina t i on  

Consider ing the two impoundments assumed t o  be free o f  any impact 

From the standpoint o f  abso lute  values,  sediment from 

However, i t  seems l i k e l y  that  t h i s  was a pseudo-increzs 

Sharp reductions Tn the plutonium content of Walnut Creek sediment were 
observed i n  September 
l a t i o n  of data from the two studies conducted dur ing  1970 

This  is i l l u s t r a t e d  by the fol lowing comparative tabu- 

- a -  
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TABLE I V  

PLL'TONIUM 11, BOTTOM SEDIMENT SAblPLES 
- 

Pluton1 im Cont S t i  on 
Station Number 
- - - 

A- 1 

Calkins Lake CA- 1 

- 
- Au trey Reservoir - 

Water Depth 
(meters) 

- - 
- 

- - - 
- - 

0.61 
0.92 

0.92 
- 
- 
- 
- -  

3 05 
1 52 
1 98 
6 71  
4 88 

- 1 83 - 

1 83 
4.57 

7.32 
1.68 

- 

15 .O 
16 5 

- 

- - 
3.05 

19.2 

0 07 - 

0 03 

Walnut Creek 
South fork a t  s i t e  boundary wc -4 
Middle f o r k  wc -3 
Main stem, below confluence K - 2  
- w i t h  middle f o r k  

- Irldiana Street wc-1 
A t  m o u t h  IJC 

0.14 
0 16 
0.29 

0 60 
0 26 

Great Western Reservoir 0 34 
0 86 
0 49 
0.57 
0 58 
0 34 
0 6 1  
0 52 
0 30 
0 25 
0 57 
0 08 

0 1s 
0 14 
0 10 
0.08 
0 31 
0 18 
0 12 

- 0.16 - 

b 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

- - [ I  -- 

I 

r-I  
- 

Worran Creek a t  Indiana Street  w - 1  0 20 

Mower Reservoir 
West end 
East end 

M-1 
M-2 

0 18 
0 18 

- i  Standley Lake 21 
22 

0.05 
0 21 

r -I I (a)  Dry weight bas i s  

1:1 
I 
I - 10 - 
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TABLE V 

PLUTONIllM IN BOTTTOM SEDIMENT C O R E  SAIPPLES 

P 1 u t o n  1 m 
S e c t i c i  An 1 zed u - ( y  - .\ 1 -- 

c-I 
1-2 
2-3 
3-5 25 

Sta tl on 
Number - Stat ion  

Crest  kestern Reservoir  1c 

2c - 

Uater Oepth 

0 76 

- (meters) 

- 
- 

0 36 
0 58 
1 0  
0 43 

L -J 

r ?  0 76 

2 14 

1 37 

2 14 

3 05 

7.77 

6 40 

11 9 

11 0 

15 2 

5 49 

3 05 

19 2 

0- 1 
1-2 
2-3 

0-1 
1-2 
2-3 

0-1 
1-2 

0- 1 
1-2 
2-3 

0- 1 
1-2 

0 44 
0 71 
0 26 

0 38 
0 29 
0 19 

0 10 
0.09 

3 09 
0 04 
0 07 

0 06 
0 06 

0 27 
0 34 
0 06 
0 09 

r- 11 
c 3  4c 

sc II. -1 
6C 

7c 
c -1 

0- 1 
1-2 
2-3 
3-4 

0-1 
1-2 
2-3 

0-1 
1-2 
2-3 
3-4.25 

0- I 
1-2 

0-1 
1-2 
2-4 
6-7 
7 -8 

13-14 5 

0-1 
1-2 

0- 1 
1-2 

0-1 25 
1 25-2 25 
2 25-3 25 
3 25-4 25 
7 25-8 25 

11 25-12 25 
12 25-14 75  
14 75-15  75  

c 1 
8C 0 41 

0 29 
0 05 

9c 0 42 
0 26 
0 07 
0 07 c .1 - 

10C 

llt 

0 09 
0 03 L I  0 33 
0 27 
0 11 
0 41  
0 40 
0 96 

0 os 
0 03 

r' - 
t. ! 1zc 

13c 

14C 

Standley Lake 0 09 
0 I1 C' I o 28 
0 22 

0 18 
0 1 1  

( a )  The l i m i t s  of  the range are measurements i n  inches from the top sur face  of  
the core sample 
t o  Appendix B) 

ti0 C O r r e C t l O n  for Compaction C-rlng sarrple c o l l e c t i o n  (refer 

(b) Dry weight bas i s  - 11 - 



TABLE f r  

PLUTOWIW I Y  FISr 

Total 
Leyth 

(C.1) 

45-05 
283-364 . . . 
30-81 

70-132 
340-272 . 

71 
295iwa . 

31 -48 
49-76 
90-125 

129-151 
. . 

30-75 

130-ldJ 

3291390 
I 

40-38 

61-90 

55-74 

83 

46-70 
106-130 
171-231 . . 

165 

3 3 5 - m  

69- IC6 
125-147 . 
155-177 . 

" 

43-59 

106 
160-192 

- 12 - 

- J le  
rht 

L-aAs)(al 

52 0 

10 0 
35 0 

420 

240 

171 

99 
259 

19 0 

12 6 

5 0  
27 5 

27 0 

6 0  
I2 0 

I9 0 

79 6 

318 

196 
126 

163 
a o  

115 
10 0 

249 
4 5  
29 0 

13 0 

45 0 

27 0 

158 

50 0 
72 0 

2 5  
20 0 

335 

125 

509 
17 0 
56 0 
32 0 

55 0 
95 0 
4 0  
9 0  
89 0 
4 0  
13 0 

e/ - 
1-, J 

Number 
o f  fish - 

15 
3 

153 

15 
8 

2 
2 

32 
56 
20 

10 

50 

8 

2 

7 

7 

9 

1 

25 
4 
6 

I 

4 

4 
7 

3 

3 

I 
5 

Organ 

Yhol e 
Flesh 
Llver 
&ne 
Roe 

Uhole 

Yho 1 e 
Flesh 
Bone 

Uhole 
Flesh 
Liver 
Bone 

Who1 e 
Whole 
Flesh 
Liver 
Bone 
Flesh 
Liver 
Bone 

Yhol e 

F trsn 
Bone 

Flesh 
Liver 
Bone 

Whole 

Uhol e 

Uhole 

mole 

Whole 
mole 
Flesh 
Liver 
&ne 

Uhole 

Flesh 
L i  der 
&ne 
Roe 

Uho 1 e 
Flesh 
Liver 
Eane 
Flesh 
Liver 
Bone 

Uhole 

Whole 
Flesh 
L i v e r  
Bone 

Station - Soec i 

Carp 
Great hestern Reservoir 

( A )  Hear i n l e t  .2 0 
4 3 

c4 2 
0 9  

9 6  

<20 

Northern C m n  
Shiner 

Uestern Whl te 
Sucker 

3 0  
4 6 

9 b  

e7 0 
e0 b 

4 6 

gJ 0 
1 0  

c1  0 
3 0  

e14 
eo 9 

e20 
4 2 

3 7  

4 2  

(E) Near dam 

[I 3 Green Sunfish 

I- 1 
Northern Cmon 

Shiner 

Sucker 
Uestern Ykte <l 3 

a16 

Standley Lake 
(6) Near inlet  mc: 1 Cam 

r- I Green Sunfish 

Largemouth Bass 

florthern Comwn 

Uestern Uhf te 

Yellow Perch 

Shiner 

Sucker 
cl 1 

e1 4 
<I 7 
e1 1 

4 4 

4 2 

<o 3 
<5 9 

1 9  
14 

(3 4 
1 8  

e18 
e19 
4 8 

e36 
32 

d 3  

(8) Near dam Black Bullhead 

Carp 

Green Sunfish 

1-7 
f '-1 I 

Largemouth Bass 

Yellow Perch 

+ Sanlple Lost - 
15 0 (10 

100 <I 5 
1 0  <160 

10 0 <I7 



1 
- 4  - 

S a r p l e  

Orr7:$4nc 
2247 
3511 

225 4 
02 6 
83 3 
It 4 

6 4  
20 8 
39 5 

2 9  
11 1 

4 7  
19 7 

4 7  

2 9  
3 4  

0 9  
1 8  

5 9  
9 0  

10 3 
12 1 

2 0  
8 6  

6 1  
11 3 

10 3 
12 9 

3 s  

2 0  
3 6  

19 a 
21 5 

3 4  
18 3 

2 6  
22 0 

9 3  
18 ? 

Plu onturn 
Concentra t lon 
( p C f / c r a n ) ( d  1 

0 c7 
O o g  

.O 4 
4 9 
<I 0 

None Oecectt.1 

Sta ti  on Invert -grate 

Street C d d d i s r l i e s  

- 
Yalnut Creek a t  Indjana E l a c k r i  L, 

Mayfl tes  
flidges 
Other 
Crayfish 

Great  Yertern Reserfoir r: 1 
f, 1 
f- 3 
r: 3 
I: 3 
L 3 

I 

I 

55 
<5 0 - 
<2 0 

(7 0 

<5 0 

.28 

<17 

4 7  

e27 
<23 

4 5  
a43 

24 
*9 0 

4 0 
4 2 

r 2 C  

(9 0 

<I3 
d 0 

(7 0 
e6 0 

<20 

.3s 
c t o  
r4 0 
4 0  

<20 
4 0 

sta 1 Predafnd'e ly  Yidgcr 

sta 4 flidges and Sludgerams 

sta 7 Hldgcs and Sludgewnns 

str 8 

Str 9 

nldgcs  and Sludgewonns 

flldges and Sludgeworms 

Sta 10 flidges and Sludgewonns 

S t  !I 

sta 12 

Hldgcr and Sludgewonas 

P r e d m i n a t e l y  Sludgewnns 

s t d  13 

sta 1s 

P r e d a m n a t e l y  Midges 

O a n s c l f l f c s .  Scuds, flidges 

Predomina tcly S l u d t p m n s  

_- 

and Sludsewonns 1.1 
, 11 

Sta 16 

Sfa 17 

Sta 18 - 
flldges and Sludseworns 

- Midges and S1ddgewonns - 

Predominately Sludgewonr 
Midses 

Midges, and Sludgewonns 
h y f l  le$. Caddi S f l  f e r .  Scuds 

sta 19 

std 20 

Standley Lare 
Sta  21 Midges and Sludgewonns 

I ' r e d m i n a t e l i  Sludsewonns 

<33 
6 

S t a  22 c9 0 
r s  0 

( a )  Dry W i g h t  bas is  

13 
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Na 1 r-b t Creek S t a t i o n  P’lutcniurn Concentratior 
(pri/grar) 

February Septe-ber 

South f o r k  a t  s i t e  boundzry 3 5 1  0 14 
Middle f o r k  0 50 0 16  
Main stem, below confluence w i t h  3 41 0 29 

middle fork 
Indiana S t r e e t  0 92 0 60 
A t  m o u t h ,  i n l e t  t o  Great Western 1 7 5  c 25 

Reservoir 

These data indicated scouring of contaminated sediment from the creek bed 
and/or coverage of contaminated zones by l e s s  Contaminated soil washed into 
the creek without reaccumulatlon to  previously observed maximal levels  by mas 
transport  from the aqueous phase. Assuming that  the routine d i s  charae o f  
glutonium-bearinn l iouia  wastes i s  The maJor source of sediment contaminat-rr 
the reduced September concentrations were apparently the r e s u l t  of h i g h  flow 
short ly  before the col lect ion o f  samples Unfortunately, f low data required 
for a t r u l y  meaningful interpretation o f  the limited sediment data are not 
e x i s t e n t  
between the February and September r e s u l t s  - 0 23 and 0 20 pCi/gram, respec- 
t i v e l y  

In the case of Woman Creek, no s i g n i f i c a n t  di f ference  was observed 

The r e s u l t s  for  “dredse“ szrnples and the top one-Tnch sections of core 
samples showed that nearly the e n t i r e  bed o f  Great Western Reservoir containc 

Plotted i n  F I G U R E S  IV and ‘d, only the extrapolated shaded areas represent 
bottom uepos;ts containing 0 10 pCi/gram or l e s s  of p l u t o n i u m  
s e c t o r  o f  g r e a t e s t  contamination appeared t o  be the central section of>e 
r-h! w 1 t h  maximum concentrations-near the i n l e t  In the 
T n l e t  a r e a ,  the maximum concentration i n  the t o p  one-inch section was 0 86 
pCi/grarn (Station 2) w i t h  an average concentratron o f  0 50 pCi/gram for - 

S t a t i o n s  1-8 and 1C-3C Sediment samples from the northern arm (Stations 13 
1 4 ,  and 15) showed plutonium concentrations only about 50% higher than the 
baseline value - average conczntration o f  0 15 p&i/grarn f o r  the three s t a t i c  
Bank sloughing was observed i n  th i s  arm 

p l u t o n i u m  a t  concentrations i n  excess o f  the baseline value, 5 0 1u p~ 1 &GK 

T h e  a r e a  or 

Core samples from Great Western Reservoir showed that  the thickness o f  
depos i t ed  plutonium-contaminated sediment was 2 inches or more a t  a l l  locz- 
t ions  (TAELE V )  Near the face of  the dam in the deep-water a r e a ,  plutoniuf 
contamination on the order of four times the baseline level was f o u n d  a t  a 
sedi , ient  thickness of 7 tc  8 inches (Station 1lC) A t  Station l O C ,  adjacen? 
t o  Scation 11C  i n  the deep-water a r e a ,  baseline concentrations were obtainec 
from the core sample However, these findings are  consistent  when the d i f -  
ferences i n  bottom conditions are  taken i n t o  account Unlike S t a t i o n  11C 
where the layer of “black” sediment was 8” thick (compacted i n  the core t u b t  

- 14 - 



.r ,-1 

@ C - I  
I:,! 
IJ -1 
[ l  
ill 

G 
3 
-1 
-J 

v) 
ii 

\ 

E 

> 

0 

0 

V 
Q 

0 

J 
0, 

- I s  - 





ii 
I 1  
I 1  
t 
i 
II 
c 

on]/ t p e  t op  one i n c n  section of the core col lecteg a t  S t a t i o n  licIC i a s  of 
s i r i l a r  c e q 6 ~ i t i o n  2 2 1 0 ~  one inch, c lay  was foLrd a t  S t a t i o r i  1CC  
i i n d i n a  t h a t  plutonium~cDntaminat~on i s  n o t  r e 5 t r i c t  ed t o  the surface-layer 
~f bottom sedipent suqqests a contamina -- an sourcz of some duration, pre-* 
?-hably, the continuously occurring discnarge of l iquid wastes from the Rocky 
F l a t s  Plant 

Dredge arc! core samples from the west end of Standley Lake near the 
r r o d t h  of N O ~ P  Creek (Stations 13C and 21)  shcwed baseline concentrat,cns of 
plutonium (TAGLES IV and V, FIGURES IV and V )  
t!c Sta t icns  1 4  and 22 - eas t  end of tne lake JUS;  offshore of tne dan i n  the 
deep-water a rea ,  contained plutonium i n  concentrations on the order o f  two t o  
three times baseline Furthermore, the r e s u l t s  f o r  the several sections of 
the core szmple showed t h a t  plutonium contamination was n o t  limited t o  the 
surface,  b u t  extended t o  a thickness of approximately 12 inches (compacted 
i n  the core tube) Since l u t  un-be2rirlc 1:ouid wastes are  n o t a n d e  

F r b e  contaminated soil transported a n d  
5egositea in the lake by runoff 
contamination of the surface layer of sediment, i t  i s  not a good explanation 

To ver i fy  the existence of s igni f icant  zones o f  plutonium-contaminated sedi-  
&it in the lake.  o r  disprove as tn e case m i g h t  be, additional nonitorinq of 
-; scope similar t o  tha t  UqPd for Great WstPrn Res? rvoir  w i l l  be r eau 1 red 
L q t i l  this e f f o r t  is undertaken, the r e s u l t s  f o r  Stat ions 14C and 22 will be 
Subject t o  qLestion on the basis of possible szmple contamination 

In cont ras t ,  samples col lectec 

n o t  been discharged w o Woman Creek, th: 

Although this is a plausible source for <he 

for the finding of plutonium contamination t o  a thickness of several inches 
- k  
/ 

S l r r i I z r  t o  tne  findings for bo t tom sediment sznp72s from are? surface 
waters, the t\:o soil samples showed subs tan t ia l ly  lower plutonium concentra- 
t ions i n  comparison t o  those collected from tbe sane general locations i n  
February 

- - - - 
Plutonium Concentration 

( pC 1 / y a r n  ) 
Location F e bru  a ry, September 

Grazed area t o  the south- 2 42 0 64 
e a s t  o f  the road  culverr: 
conbeying Roman Creek under 
Indiana S t r e e t  

Ungrazed area near the souttl- 
e a s t  correr  of Great llestern 
Reservoir 

0 42 

Fisn and Eenthos 

0 14 

Information presented i n  the 11 t e r a t u r e  rev iewof  Olafson and Larson(2) 

- 1 7  - 



I 
01 the b i o l o s y  and environmental perjistance of  p l u t o n i u m  l ead s  one :o tbe 
conclusion ' - t  plutonium entering the  L a l n u t  Creek - Gr-ez: blestern Reservo,, 
sjster,-,-s t t le  re, of  liquid waste rereases ul tirnately a -%%?zte~ i n  tne - 
reservoir sediment i , i t h  very l i t t l e  transfer t o  and cyclinb in a q u a t i c  b i o t c  
Among t h e  conclusions reached by Olafson and Larson, the following are per t i -  
nent t o  the Rocky Flats " s i t u a t i o n  I' 

( I )  P l u t o n i u n  is absorbed by plants growing o n  contatfinated soil  t o  an 
inf ini tes inal  degree, a l t h o u g h  i t  may be found  a s  a n  external con-  
t a m i n a n t  on vegetation - 

( 2 )  Ingested plutonium i s  absorbed and retained i n  animal t issues t o  
only a very small degree 

( 3 )  Based on animal t issue assays, very l i t t l e  plutonium ga ins  entry 
i n t o  mammalian systems 

I 

In  animals, ingested plutonium concentrates I I I  brjt~e aiid l iger  tissue 
i s a 1 so concen tra t i on i n reproduc ti ve t i s u e  

There 

The resu l t s  for  benthos and f i sh  (TABLES VI and V I I )  generally showed 
that  there was no significant accumulation of plutonium i n  the b i o t a  of 
Great Western Reservoir and Standley Lake As evidenced by the preponderawe 
o f  ' ' less t h a n "  r e su l t s ,  small sample s i ze ,  particularly i n  the case of benthos 
samples, prevented the conduct of analyses w i t h  the h i g h  degree of analytical 
sens i t iv i ty  required for definitively determining absolute concentrations 
Excluding the f ive positive results,  the "best" detection l i m i t  for  benthos 
samples was about 40 pCi per kilogram ( l ive  weicjht)(a) whereas the desired 
sens i t iv i ty  was w i t h i f i  the range of 0 1 t o  1 0 p C i / k g  Furthermore, con- 
sidering sample s i ze ,  o n l y  the positive resul ts  for  blackflies and caddis- 
f l i e s  froni Walnut Creek a t  I n d i a n a  S t ree t  should be given credence as val id ,  
absolute concentrations 

A 1  t h o u g h  the analysis of f i s h  samples alsoproducedfew absolute concen- 
t ra t ions ,  larger sample sizes - gram amounts instead of milligrams - enable6 
the conduct of analyses w i t h  precision consistent w i t h  the range of expected 
lcw concentrations (refer  t o  TABLE VI11 - plutcrniurn i n  foodstuffs reported 
i n  1955 by the U S Atomic Energy Commission). 
( f l e s h ) ,  the plutonium concentrations i n  a l l  species from bo th  irn~oundments 
were less  t h a n  2 pCi per kilogram ( l i v e  weight). 
these f i s h  would be i n s i g n i f i c a n t  from the standpoint of resultant radiaticr, 
dose because the  d a i l y  intake limit f c r  the gener 

pC: of plutcniun 
plutonium i n  carp roe 
raises  tne question of a possible genetic effect  on f ish 

- 
1 

Considering edible tissue 

Hence, human consumption of 

public, as  reconmended 
by the ilational Committee on R a d i a t i o n  Protection PJ  1 , is approximately 370C 

One finding of interest  was the apparent  accumulation of 
Although beyond the scope of this report ,  th is  f i n d i n  

( a )  Calculated on the basis of an assumed moisture content of 9FoL 

- 18 - 
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TABLE V I I I ( a )  - I  -- 

ri 
I -  

I: ‘1 
rl 
r ti , 

PLUTONIUil  COi,+EENTRATIONS I N  ’ “TQUS FOOD 1TE:’S AND PLA ITS 
- 

I tern 

Rain 

Alfalfa  ash 

M 1 1 4  

U h e E t  ash 

Swordf i s h 

P o r k  l i v e r  

Beef meat 

Pl u t m i  urn-239 Concentration 
(pCi / k i  7 ogram) 

0 18 

430 t o  800 

0 16 

130 t o  670 

0 34 t o  1 0 

0 56 t o  2 7 

0 19 (meat of chuck s teak)  
180 ( f l u i d )  

( a )  TABLE 4 i n  Reference 2 (data  from U S Atomic Energy Corrmission, 
Quarterly Statement on Fallout i n  ”Fallout from Nuclear Weapons 
Tests Hearings before the Special Subcornittee cn Radiaticn, 
J o i n t  Comit tee  on Atomic Energy, Congress of the U S. ,  May 5-8, 
195’9,” pp. 2188-2198, U S Government P r i n t i n g  Office, Washington, 
0 C , (19591) 

I 

- 19 - 
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Aside from r a d i o l o g ~ c ,  1 considerations, benthos and plankton samplin3 

shot - 2  the  presence of pollution to le ran t  organisms in both Great Western 
Reservoir ana Standley Lake, indicative of enriched k I  eutrophic conditions 
In the case of Great Western Reservoir, the contributlng polluton sources 
a r e  domestic-type wastes from the Rocky Flats  Plant and agr icu l tura l  runoff 
whereas only the l a t t e r  i s  the source t o  Standley Lake 
aspects of the f i e l d  s t u d y  are presented i n  d e t a i l  in Appendix A 

The pol lut ion biology 
I 

- 20 - 
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September 1570 f i e l d  s t u c l  produced the fol lowing s i gn i f i can t  
- 

Almost the en t i r e  bed of Great Western Reservoir  was covered 
with sediment containing plutonium i n  excess o f  the est inated 
basel ine concentrat ion,  L 0 10 pCi/gran 
layer  o f  plutonium-contaminated sediment was 2 inches o r  more 
a t  a l l  such sampling s t a t i on s  The maximum concentration of 
approximately 1 0 pCi/gram was obtained a t  the i n l e t  area of 
the impoundment 

The thickness o f  the 

Limited sediment sampling i n  the deep-water area o f  Standley 
I ~ L ( P  indicated pos s ib le  sectors  o f  plutonium contarnincllurl 
att r ibutable  t o  pas t  emiss ions from the Rocky F l a t s  P lant  

F i s h  and benthos from Great Western Reservo i r  and Standley lake 
d i d  not show s i g n i f i c a n t  accumulation o f  plutonium 
species o f  f i sh ,  the concentration i n  f l e s h  was e2 pCi/kilogram- 
l i v e  weight A t  t h i s  low concentration, human consumption a t  an 
abnormally h i gh  intake r a te  o f  one kilocjram per day would be 
inccnsequential i n  terms of rad iat ion  dose 

I n  all 

I n  that t h i s  study was t h  e i n i t i a l  cornorehensive e f f o r t  a t  determining 
plutoniuf i  concentrations in the biota  and sedivent of G rea t  Nestern Reservoir  
and Standley Lake, addit ional  l e  
Gpresentat i veness  o f  the spec i f i c  rPqu1 t s  a2 maximum, steady-state values 
o r  "po in t s "  on curves showing increas ing  o r  decreasing trends 

~ 

- 

- 21 - 
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APPENDIX A 

BIOLOGICAL STllnY OF GREAT WESTERN RESERVOIR - 

A b io l og i ca l  study was conducted on Grea t  Western Reservo i r  dur ing the 
week o f  September 21  to  24, 1970 ObjeCtiVeS o f  the study were t o  determine 
a) e f fect s  on the re se r vo i r  o f  domestic sewage discharged to  Walnut Creek, a 
t r ibutary  to the re se r vo i r ,  f r om the Rocky F l a t s  Plutonium P lant ,  and b) the 
ex i s t i ng  l e v e l s  of  plutonium i n  the sediments, benthic invertebrates,  and f i s h  
i n  the re se r vo i r  

In a lake the c lean water benthic community i s  u sua l l y  composed of many 
kinds o f  organisms, each kind being few i n  number 
discharged to  a lake,  the number o f  kiqds o f  benthic organisms are reduced and 
the remaining organisms are able to  increase i n  number 
domestic sewage or  runoff from surrounding agr icu l tura l  areas may have an ~ x y ~ e r  
consuming layer  of decomposing organic  material 
e i ther  an  inflow of suspended organic matter which se t t l e s  to the bottom o r  by 
the contr ibut ion  of l a r g e  amounts o f  nutr ients  which cause an increase i n  the 
plankton population dur ing  the spr ing  and a resu l tant  d ie-of f  and set t l i ng  of  
the plankton each f a l l  

When domestic sewage i s  

A l a ke  rece iv ing  

Such a l a ye r  i s  cagsed by 

The water layer abGve a bottom of  decomposing organic  material  i s  u sua l l y  
low i n  d i s so l ved  oxygen and the bottom material supports on ly  small numbers of 
po l l u t i on  to lerant  organisms 

Methods 

Samples o f  the benthic invertebrate populations were obtained from Walnut 
Samp? i 

Benthic invertebrates were collected frorr, 
Creek and the re se r vo i r  with e i  ther a Petersen dredge o r  Ecknan dredge 
s ta t ions  are depicted i n  FIGURE 11. 
a l l  s t a t i on s  except S ta t i on s  2, 3 ,  5, 6,  and 14 Dredge samples were sieved 
through a G S Standard No 30 s ieve and material retained on the sieve was 
preserved i n  f i v e  per cent  formalin. A l l  samples were picked and invertebrates 
i den t i f i ed  i n  C inc innat i ,  Ohio 

Short  five-minute tows were made with a plankton net near the in le t  and 
The middle o f  Great Western Reservoir  and near the middle of Standley Lake 

concentrated plankton samples were examined to determine the qual i tat ive  com- 
po s i t i on  o f  the a lga l  populat ions i n  each water body 

Resu l ts  

The bottom sediments i n  Great Western Reservoir d i d  not support large 
numbers of organisms (TABLE A-I and'FIGURE A-I) Only i n  an area extending 
from the i n l e t  o f  Walnut Creek and the offshore areas near the dam were the 
numbers of organisms l a r ge  enough t o  merit  mention (FIGURE A-I) 
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f 
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Pavfl ier 

Caddisflies 
CheJrra tmsvche sp 
Neorrrcnie sp  

Damselfl :es 
Wand ta 

Hyalella sp 
Scuds 

Hldqes 

Biting Midges 

Phantim Mdsc 

Mosquito 

Blackfi ies 

Stlloberria sp 

Chdcbarus sp 

Culicinae 

tlru7'idac 

Snai l s  
PhVsa sp 

SluCgewcms 

S tndlei 1 J - h l n u L  Creek  Gredb 'Jestern Reret Jofr  
1 3 4 5 6 7 8 9 10 11 12 14 15 16 17 23 3. 

272 0 
5 Q 

1924 Q Q 
I t  

Q 

22 Q 

411 
10 
2 

0 
Q 

65 7 10 7 2L 3 
1 

11 
8 

IO Q 

1 3 4  

Q 

Q Q 7 
Q 

Q 4 Q 34 3 24 26 

2 S Q  
2 3 

31 

Q 

1671 

3 

15 24 3 14 24 74 5 2 Q 72 46 19 2 IO 5 19 16 i C  

Cralfish 2 

TOTAL h(rMPER 4359 89 IO 24 31 96 28 5 4 76 50 27 36 13 29 52 I6 4 

TOTAL KINDS 13 6 2 2 3 3 1 0 2 2  4 2 8 3 3 2 3 ? ?  

Q = Organisns not collected quantitatively, arbitrarily given value o f  1 for computing number o f  kinds  

- A-2 - 



,--. 1 

G 
3, 
J .=- 

1 
0’ ‘ 

, I  
, I  
, 1  
:1 
; I  
,- 1 
, I  
,- 1 
, I  
,--1 
,- 1 
,- i 
I I  -1 

.-1 
,-I 
- I  
i 

a: 
a 

a 

a 

3 

0 > 
E 
W 

z 
w 
t- cn w 

s 
W e 
c3 

In 
e 

i? 
0 

, 

i 
- A-3 - 

In 
0 

0 



The i n l e t  ( S t a t i o n  I) supported ;t d i ve r se  pooulat icr  of orc?- isms thz’ 
rece ived nu t r i e n t s  from Walnut Creek i tre creek supported an enr iched ccn- 
r x n i t y  o f  13 k inds  o f  organisms numbering 4359 per square foot,  an  i r d i c a t i c  
ttidt n l r t r i en t s  d i scharged from the Rocky F l a t s  Plutonium Plant  a t f e c t  the 
benthic community inmediately upstream from the re se r vo i r  A t  t he  i n l e t  or 
upper end of the r e s e r v o i r  ( S t a t i on  1) the populat ion  o f  benthic organisms 
was c o m o s e d  o f  six k inds  with a tota l  number of 89 organisms per  square f o o t ,  
twice as many organisms per square f oo t  a s  co l l ec ted  i n  The upper end of 
S c z n d l e y  Lake ( S t a t i o n  21) which i s  no t  reported to  receive domestic sewage 

G rea t  Western Re se rvo i r  had low numbers o f  benthic organisms a t  a l l  
s t a t i o n s  except S t a t i o n s  12, 16, and 19, where the benthic community wcs pre- 
dominately sludgeworms numbering 74, 72, and 46 square foot,  r e s pec t i v e l y  
The l a r g e r  numbers of  sludgeworms a t  these s t a t i o n s  a s  opposed t o  the other 
areas of  the lake (TABLE A- I )  were probably due to  nutr ients  r ece i ved  from 
Walnut Creek Other arerfs of the r e s e r vo i r  t ha t  would have been zf fected by 
nutrients in runoff  water, and not  domestic waste, such a s  S t a t i o n s  10, 13, l 

and l ~ ,  d i d  no t  support  l a r ge  numbers o f  sludgeworms The deep water area 
o f  the G rea t  GIestern Reservo i r  represented by S ta t i on s  17  and 13 supported 
c n l y  small numbers of po l l u t i o n  t o l e r an t  midges and sludgeworms (TAGLE A-I, 
FIGURE A-I) The reduced number of organisms i n  t h i s  area o f  t he  re se r vo i r  
’Cuds cactsed by the presence o f  a l a ye r  o f  black decomposing o r g a n i s  material 
on tne bottom Cores of the bottom material  revealed 9 t o  2 1  i nche s  o f  
t lac i i  seairrient cover ing  the Dottom Bottom samples had a s l i g h t  hydrogen 
su lph ide  odor S i nce  a s im i l a r  b lack  organic  material was c o l l e c t ed  a t  
S t a t i o n  22 i n  Standley  Lake, the assunipticn must be made that bo th  l ake s  
r ece i ve  n u t r i e n t s  ana organic rcaterial from land runoff  and such material  
s e t t l e s  i i i  the deeper areas  where i t  decorrposes I n  the case o f  Great I4ester- 
R e s e r v o i r ,  tne nu t r i e n t s  received from halnut  Creek add to the e f fec t s  o f  
n u t r i e n t s  from ag r i c u l t u r a l  dra inage,  thus a f f e c t i v g  a l a r ge r  a rea  of the 
r$sei-voi r 

, 

, 

I 

In tfle p lankton samples from Great Western Reservo i r ,  f i l t e r - c l o g g i n g  
c r s a r i sms  s a h  a s  :felos ira sp abundant, and t a s te  and odor orgznisrcs sJch 
a s  Staurastrum sp. and Ceratium sp  were present,  ind icat ing  p o s s i b l e  water 
treatment problems Pct-tolerant M i c r o c y s t i s  sp was a l s o  present,  
and i n d i c a t i o n  ti ac  tne r e s e r vo i r  water contained excessive arnobnts o f  n u t i l -  
ents  Standley  LaKe phytoplankton were predomnant ly  composed o f  the pol- 
l u t i o n  t o l e r an t  a lgae Microcystis sp and Anabaena sp , i n d i c a t i n g  the lake 
has r e ce i v ed  enoiicjri nu t r i en t  from ag r i cu l  tbra l  r uno f f  t:: becore highly epl- 
r i c h e t  or eutropnic  
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Plutonium concen:razic IS i n  the bed sediment o f  resei vo i r s  (Great Western Resevo i t ,  
Standley Lake, Crer'y Creek Reservoir, Harston Lake, and Ri lston Rescrvofr) i n  the 
environs o f  tne Atmc,c Energy Comnission Rocky Flats  Plant were determined by drec;e 
and core sampling 
October, 1973, tne :Per  three impoundments during Apri l ,  1974 The baseline level 
o f  plutonium-239 i n  tcd sediment attributable to worldwide fal lout was tound t o  h 
I c 0 10 pCl/gram (Cry e i g h t )  
cop layer of sed i ie i r  I n  Great Western Reservoir rrerp approximately 4.0 qCi/grar: :d*y 
weight) The thic*rcss of the ldyer of plutonium-contaninated sedimerrt In the re- 
servair was : cm ar -ere at most sampling Stations. Through 1973, Great H s t e r n  
Reserrolr receivea l iquid wastes (plutoniun-beariqg) from the Rocky Flats Plant v i a  
the tributary strem, galnut Creek. 

Great Western Reservoir and Standley Lake were :mplt*d durrvg 

Correspondingly, the maxirruri concentrations in t h  
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In Septenoer, 1973, ?-e U S Envlrcnrnental Protection Agency responded to 3 
request f r o m  the Cs'crado &part!!ert of Health to assis: 11: the investigation 
to  vericy tne SuSpeC2d release!s) Jf tritqum in l iauid wastes From the soLkV 
I l a t s  Plant or t i e  U 5 Atsmic EnP-gy Corrnission 
determinat,on o f  tritiu?r concentrations i n  area surface waters and the identi- 
f ication o f  the sodrce(s) of such contamination, the overall scope zf  f ield 
investigation was expanaod co include the moni torirg of plutonium contamifla- 
t ion o f  bot'.im seaisrnt in Great Mestern Reservoir and Standley Lake (corducted 
during Cctober, 1973) 
east o f  t5e plant reczive draifage from the s i te  
Reservoir recelved treated 1 iquid wastes (plutonium-bearing) from the Rocky 
klats  Plant v i a  the tributary stream, h'alnut Creek 

Extensive sampling o f  bottom sediment in Great Western Reservoir was conducted 
previously by the Environmental Protection Agency durlng September, 1970 
sampling program also invoiv d sediment sampling o f  an exploratory nature 'n 
Standley Lake 

(1) Almost the entire bed o f  Great Western Reservoir was covered with Fediment 
containing plutonirm in excess of ;be estimated baseline concentration, 

0 10 pCi/gram, attributable to worldwide fallout from nucletr weapons 
tCS ti ng 

water area of Standley Lake attributable to "accidental" reledses from tne 
ROCKY Flats  Plant 

Although focused on m e  

Both of tnest reservoirs lying short distances to the 
Thrsugh 1973, Great Western 

This 

As reported ? I ) ,  the 1970 findings indicated the following 

(2) The possible existenca of sectors of plutonium contamination in the deep- 

As a follow-up to tnese findings, the subject sediment invdstigation was con- 
ducted to document cqanges in the plutonium contamination o f  the sediment bed 
o f  Great Western Rescrvoir over the intervening period of three years - September, 
1970, to October, 1973 
sediment was conducted to confirm the presence or absence o f  contaminated weas 

To differentiate betdeen sedimmt contamination caused by plutonium releases 
from the RGcky Flats  Plant v e r w  that resulting from worldwide tallout, secii- 
ment samoles were collected on April 18, 1974, from Cherry Creek Reservoir, 
Marston Lake, and Zalston Heservoir Considering the predominant wind direction 
and the disrances from the plarlt to the reservoirs, sediment contamination in 
these reservoirs attributable to gaseous effluents or windborne sources (con- 
taminated s o i l )  originatin0 a t  the Rocky Flats Plant was considered negligible 
The three impoundments are not impacted by l iquid effluents from the plant 

Addl tional l y ,  extensive sampl inq of  Standley Lakc 

- 1 -  
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Bottci bedinent sdnol ing stations in Great kestern Reservoir 3112 Standley 
Lake a re  snown in Figures I and I 1  For these s t a t ims ,  ine collection o f  
dreage saraies was preoominent with thrs type collectea at 37 o f  the 39 
stations However, the ma;ority o f  the stations ( 21  o f  39) were also char- 
acterized by the collection o f  both core an4 dredge samples 
ment collection for Great Western Reservoir and Standley Lake were October 16 
and 25,  respectively Personnel from the Colorado Department of Health assisted 
10 the collection of samples from these two impoundments 

/ 

Dates af sedi- 

Base1 ine sediment samples were collected from Cherry Creek Reservoir, Marston 
Lake, and Ralston Reservoir on A p r i l  18, 1974 Specific sampling locations 
are l i s ted  in  Table I For these impoundrents, sampling was limited to 
dredge samp 1 es. 

Uredge smples were collected by the use of a Peterson dreoje (without weights) 
To obtain the composite dredge sanple for radiological analysis, the below 
procedure was followed 

(1) The sediment sample contained i n  the jaws of the dredge was emptied into 
a pan. 
with a s  l i t t l e  disturbance as possible 
achieved successfully depended on the cohesiveness cf the sample 

Caution was exercised to remove the collected sample as a layer 
The extent to which th i s  was 

, 

.. 

.. 

(2)  In the case of a fa i r l y  cohesive sample, the composite sample was prepared 
from aliquots obtained by scraping the sample surface with a hana trawel 
For non-cohesive samples whica mderwent signif icant mixing i n  the closed 
dredge as well as i n  the process of being removed from the dredge, the 
comosite sample was prepared from aliquots j ~ d g e d  to be representative 
of the overall sample texture That i s ,  an attmpt was maae to duplicate 
the relat ive percentages of clay-like vaterials, silt, coarse materials 
(gravel, etc ) and fifies (sand) 

Ouplicate composite samples were prepared a t  a l l  locations for analysis by 
the Colorado Oepartment o f  Health and €PA 

A Phleger Gravity Corer(a) was used to collect a l l  but three core samples 
Shallow water dopths a t  Stations 1, 2, and 4 i n  Great Western Reservoir pre- 
vented :he use of the corer There samples here collected by manually pushing 
the plast ic  core tube into the sedinent bed 
ments of the depth of penetration of the corer and the corresponding length 
o f  the co1:ected sample were taken to indicate the reldtive degree o f  compaction 
during the collection procedure 

A t  a l l  stat;o?s, f i e ld  measure- 

Core samples were maintained i n  the frozen 

(a) Equioged with a 2 '  rrietal coping tuoe m i ch  Cloused a plast ic  care tube 
(1 5 inch irlside diameter) 

- 2 -  
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Reservoir  

Cherry Cree4 Reservoir  
(approxirrately 24 miles southeast 
o f  the Rocky F l a t s  P lant )  

Marston Lake 
(approximately 19 miles southeast 
o f  the Rocky F l a t s  P lant ,  

Ral ston Reservoir 
(approximately 3 miles south o f  
the Rocky Flats Plant) 

5 ta tion 
!Ium ber Location 

CC-1 Approx Id0 meters from the 

CC-2 Approv 90 meters frm the diu 

M-1 Approx 45 meters from the t n l e t  

inlet 

M-2 Approx 45 meters from the i n l e t  

R-t Approx. 45 meters f m  the head 
end (mouth of Ralston Creek) 

R-2 Approx. 0.4 kilocreters from tPc 
head end 

R-3 Ap;rox 0 8 kilcmctcrs from the 
head end (equ i d f s tan t be tween 
the head end and the dam) 

R-4 Approx. 0 4 Lilmtcrs @rem the 
dam 

R-5 Approx 45 meters from the d m  

a 
- 5 -  



state 4uring the interim 2eriod bebeen coll$c:ion and Froress1t-g :a) 
selec:ed numser o f  care sections were provided to Ocd Chemrcal Canpany f o r  
the i r  own analyses 

A l l  EPA Zamples were analyze4 i n  the Office o f  'adiation Programs r ad iocPe i i s t r j  
laboratory, National E iv ironlental  Qesearch Cenrer, Las Vegas, Nevaaa DrccGe 
samples were analyzea fw plutoniur-228 and 239, cesium-137, beryl1 ium, ard 
pOtaSSiLm, selected SafripleS ais0 were analyzed f o r  strontium-89 and 90 Core 
sections were analyzed tor plutonium-223 with selected sections a1 so analyzec 
=or plutonium-i38 and beryl 1 rum 

A 

( a )  The wocess  of  "sectioning" each core sample i n i t i a l l y  involved thawing 
the sample and subsequently forcing the water out o f  the tube by p ~ s h i n g  
the scdiment core upward with a metal pluirger (core tube I n  a vert ica l  
pos i t ion)  The cote sample was then sectioned by a stepwise process of  
pusning the sediment core upward and out o f  the tube, the exposed incre- 
ment or step i n  each case being equal &o the desired lenqtn of  the core 
section. Ouring the sectionrng process* the core tube M S  held ,n a 
vert ical  pos i t ion  ana the desired core sect ion was pushed into an inverted 
glass jcr held a t  tPe end of the tube A dide-blade knife rlas used to 
cut each section 

I 
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Plutoriiun-539 -%u1 ts for core and dredge samples f,-a 
the five inpounaments - Cherry Creeu Reservoir, MarsfCn 
LaKe. i7alrton 2eservoir. Stzidley LJKe. and Great 'Yestecn 
Rcservoi- - are presented in Cables I 1  - I J .  T h e  plutonlm- 
239 results for dredge! samples Crori Great '&stern Rcservorr 
and Standley Lake ais0 are sFown 1.1 Flgorcs 1x1 and IV.  
Analytlcal data for other paraPeters (ceslum-137, StrOntlUm- 
89 and 90, plutonlum-238, beryl I1m and potassium) arc 
presented rn Appendix A. 

Physical descriptions of the core samples, lncludinq canpaction 
meisurments, and corresponding photograph3 of the sampler 
prior to "sectioning" are compiled i n  Appendix 8. The c a -  
posf tions of dredge samples from Cherry Creek Reservoir, 
Marston Lake, and Raiston Reservoir are described i n  th i s  
s a  appendix. 
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Reservoir and Station 
Cherry Creek Reservoir 

cc-1 
CC-2 

f 
i 

1 

. 
'. 

Harston Lake 
M- 1 
M :  

R a l s t o n  Reservoir 
R-1 
R-2 
R-3 
R-4 
R-5 

Approx ;mate 
liater C e p t h  

(qeters) 

4 5  
6.0 

3.6 
4.5 

2.4 
I .5 

33 

<O Oi 
<o 05 

s0.02 
0.13(b) 

eo. 06 
0.03 

~ 0 . 0 3  
0.04 
0.06 

I 

l a )  Dry w i g h t  b a s i s  
( b )  Result  ver i f ied by tepl\cate analys is  

- 8 -  
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Approximate Care Sznpl~ 
Water Dredge Sample LoreLDI 
Gep th PI u ton; urn-239 Sectlon ?tu toniurn-239 

Sta tlon (neters 1 GFC i /was) ( a  1 (cm) bC i / g ram)  ( a )  
1 0.6 0. I1 (Xa Core 

2 0 8  0 0 4  SO Core 

3 3.5 0 cs hu core 

4 1.0 0.44 0 - 2 5 4  
7.62 - 10 2 

5 4.5 0.08 0 - 2 5 4  
10.2 - 12.7 

6 5 0  0 0 6  No c o n  

7 9.5 0.15 0 - 2.54 
2.54 - 5 08 
14.0 - 16.5 

8 4.0 0.08 0 - 2 5 4  
8 89 - 11 4 

cQ 06 
eo 04 

0 0 8  
<0.03 

e0 06 
4 07 
<O. 08 

.O c9 
<O.O? 

9 2.5 eo 02 No Core 

10 1.0 0.08 No COX 

11 4.5 0 03 No Core 

12 13 0 10 0 - 2.54 0.10 
2 54 - 5.08 cO.08 

17 8 - 20.3 (0.03 

13 6.0 0 03 0- - 2 54 ~ 0 . 0 6  
7 62 - 10 2 e 0  06 

~ ~ ~~- ~ ~~- 

(a )  dry weight basis. 
(b)  The Ifmits o f  the ranqc are medswm-zs i n  centirretors from the top 

surface of the core scm31e 
during sample col lect icn 

No corrcczrcn was made for conpaction 

I - 9 -  
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8. 
' I  

'I; 

Approx7-ate 
Water 
Depth 

S t a t i o ?  ! r e v e t s  1 

14 6 0  

15 6 0  

16 21 

f 
17 9.0 

.. 

TABLE 111 (zaqtinued) 

Core Sample 

0 0 8  No Core 

<O. 06 No Core 

0.17 0 * 2 5 4  
10 2 - 12 7 
15.2 - 17 8 
27.9 - 30 5 

e0 03 0 - 2 5 4  
5.08 - 8 89 

eo. 10 
0.11 
0.07 

40.04 

*O. 16 
e0 04 

.. 

.. 
r. 

i 

r 
f 
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TABLE rv 

3 - Core Samule 
rore(b1 
See ti on 

hedge Sample 
Plutonium- 3 

2 0  
(pC 1 /Gram) f 3  a I (cn) 

0 - 2 5 4  1 .o 
1.3 

14 0 - 16 5 0.10 
- 2 54 - 5.08  

Station 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

0.6 0 61 0 - 2 5 4  0 54 
2.54 - 5 08 0.25 
6.35 - 8 89 *0.02 

No Core 
I 

2.9 

0.46 

2.5 

0.5 I 0 - 3.49 0.25 
4.45 - 8.e9 e0.02 

i 1.0 0.18 0 - 2.54 0.57 
2.54 - 5.08 0 61 
7 62 - 10.2 <0.07 

0 - 2 5 4  0.47 
2.54 - 5 08 e0.07 

10.2 - 12 7 4 07 

4.0 No Dredge 
Sample 

2.5 

a 

8 0  

4.0 0 - 2 5 4  3 8  
2 5 4 -  5 0 8  <O 06 

12 7 - 15.2 <O. 03 

0 - 2 5 4  2 6  
2 54 - 5 oa 4 5  

17 8 - 20.3 e 0  03 

No -Core 

No Core 

3 5  1.4 

u 

0.6 

5.5 

3.5 

5.5 

0.10 

2.3 

1 2  

*O,  06 
r No Core 

Ho Core 

( a )  Dry wicnf basis 
(b) The 1 imi ts of the range are measureirents i n  centimeters fro% the top 

turfsce o f  tPe tore sample 
durfng sample coi lcct ion. 

No correction was made for compaction 

.. 
c 
t 

F 
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TABLE 1 V (cm t i nued ) 

Care Sample 
Ccretb) 
Sectton 

0 - 254 0 34 
8 89 - 11 4 c0 06 

0 - 2 5 4  2.6 
2.54 - 5 08 2 2  

17 a - 20 3 4 08 

P 1 u ton 1 um-2 3 9 
(Cn) (pCi/aran)(al 

Approximate 
kater 
Depth 
(meters ) 

3 5  

Dredge Sample 
PI u ton 1 um- 39 
IpCi/aram)?aJ 

0.44 

Statlon 

13 

-- 

14 9.5 4.1 

15 

16 

9.3 2 5  0 - 2 5 4  0 30 
5 0 8 -  7 0 3  4 . 0 7  

0 - 3.81 1.3 
3 81  - 6 35 0 35 

11.4 - 14.0 4 08 

No Core 

4 5  0.62 

2.3 

0.8 

9.0 

0.68 

0 19 

1.8 

17 

18 

19 

No Core 

0 - 2.54 
2.54 - 5 08 

K.7 - 15.2 

3.9 
1 9  

e0 04 

20 12 3.8 0 - 1.91 
1.91 - 3.18 

13.7 - 16 2 

3 8  
4 4  

4 . 0 4  

2 1 ( 4  7.3 0.29 0 - 2 5 4  
2.54 - 5 % 

17 1 - 19 7 

2.2 
0 71 

22 No 
Measurement 

No Credge 
kmplr 

0 - 2.54 
5 0 8 -  7 6 2  

12.7 - 15 2 

0 10 
(0.10 
<o 04 

I 

(c) As shown in Figure I, the core and dredge samples for t h i s  sampling station 
designation were not collected in the same approximate location The 
dredge sample was collected more inshore in smllaw water 

- 12 - 
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With ope ex:eotion (Station M-2, Marsion Lake), dredge samples from Cherry 
Creek Reservoir, Marston Larte, and Ralston Qeservoir contained plutonium-239 
a t  concentrations substant1a:ly below 0 10 p C i / g r m  (Table 11) 
previous fir?ings leading to the conclusion that the baseline level of plutonlufi- 
239 conL7:nation in the bed sediment o f  area surfdce waters i s  typica:ly less 
than 0 IC pCi/grarn 
Station M-2 cn Marston Lake w i t  considered to be more o f  a spurlods result  than 
a real carcentratloft. The factors which could have contributed to a 'high" 
result e r e  many. However, since the composite sample was analyzed i n  duplicate, 
t9e reason was more probably one of sample collection and preparation O S  opposed 
to analytical inaccuracies. That is, the cmposite sample prepared from the 
Petersen dredge sample may have been biased i n  the percentage o f  "f ines" and 
sanewhat. unrepresentati re of actual bca conditions. 

Thls Lonfirned 

The sediment concentration ot  0 13 ?Ci/gram obtained for 

Taken co?lectively, thr plutonium-239 resul ts for  sediment samples collected 
from Standley Lake dld ,lot indicate any discernible contamination attrlbutable 
to the Reeky Flats  Plant (Table 111). Only the dredge samples from Stations 
7 and 16 s h o d  concentrations s l i ght l y  i n  excess of the established baseline 
vriw (0.15 and 0.17 pCi/gmn VWNJ aO.10 pCVgram). Houwep, core samples 
frm these two locations narc characterized by baseline ievels i n  a l l  anrylted 
sections. k ro rd ing l y ,  base:inr conditions were concluded to be existent a t  
these tw lacctions since the core samples whre more representative o f  the 
undisturbed sediment bed (a) Analysis of corn Hct lons  from a l l  other sampling 
locations also rkowrd cmmmtrutions o f  ~ l u Q m I ~ 2 3 ? .  w e d  to 
th findings of the 1970 study, the :ndlcatlon o f  possible contamination to a 
drptk e? a~praxintaEely 3U m (compacted) i n  the aoep rkr. a m  mew the dan, 
MIS mt verified. 

Ptutacbiua-239 n m l h  for dredge m l e s  6nd the tso mffmr ($2 54 em) af 

Rocky F la t s  Plant o m ,  almost the entfre bsd o f  6mt Wutrra R.unotr (Table 
I V ) .  Consistent with the 1970 study, the zone o r  area o f  hlghest contamination 
was the central section of the reservoir ( in le t  to dam) Areas of  minimum 
impact(b) d r e  the south arm (Stations 5 and 12). the shallow-water, shoreline 
area between the south arm and the dam (Station El-dredge), and the western 
portlop of the north arm (Stations 9, 18, and 22). The major differences between 
the 1970 and 1973 studies were the following. 

(1) Over tbc three year period betnaen sediment sampllng efforts, the plu- 
tonim-239 concentr8tions i n  the upper sediment layer increased signi- 

fh. C o n  S8lUBj@S ShOUd CWWitUttW &tkibWQbh cb 11- n S U t  fW thc 

I 

(a) In corpar4son to a dredge sample, the core sample represents a relat ively 
UndiStJtbcd segment o f  the sediment bed 
part ic les  i n  a vertical direction a1 though signif icant compaction o f  uncon- 
sol idrtcd material does occur 

There i s  l i t t l e  mixing o f  stdimcnt 

(b) Plutoniun-239 concentrations less  than 0 30 pCi/gram 

- 15 - 
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1 

ficantly 
pCi/gram, the October, 1373, srudy rnoked eleven (11) stations cnaracter- 
ized by plutonium-239 cowenrrations greater than 1 0 pCi /grm 
maximum concentratlon was 4 1 pCi/gram (Station 14) 

(2)  In contrast to the 1970 observation of maximum concentrations occurriqg 
i n  the reservoir inlet area (adJaC2tit to the rrouth o f  Walnut Creek) the 
1973 study showed naximurn concentrations i n  the deep-water area o f  tee 
reservoir (Stations 14 and 20). 

T h e  core samples supported tne previous findino o f  plutonim contamination 
extonding to depths of 5 o of mort (canpacted) a t  most locations (Table I V )  
General fr2.d. the typfcrl conantratfon-sediment depth (thickness) profile 
WAS on. of decreasing concentrations w i t h  increased sediment thickness. 

Comparing the Great Western Eeservoir plutonim-239 results for dredge samples 
with those for corresponding top sections o f  core samples showed no batter 
than 'Lorder-of-magnitudafL agrement at  each s?atlon. The reasons for the 
lack of relatively close agrement i n  terns o f  absolute concentration valbcs 
arc considered to be physical differences introduced by sampling techniques 
and procedures. As noted fn  a previous footnote, the dredge and core collec- 
tion procedures produce disturbed and undisturbed samples, respectively The 
other factor o f  importance was the field procedure involving the collection of 
co,e samples as a separate activity following the completion o f  dredge sample 
collection. This involved revisit ing each sampling site a second time. Since 
thr location of  each sampling statlon CHI determined by %yew from references 
ta mique shoreline features, the sampling stations show in Figure I rcpre- 
sent general areas of 1Irnitcd site and not specific points Hence, the dredge 
and cure samples for any given samplfng lotation represented sampler collected 
from only the sum general area and here expected to show variations i n  con- 
centra ti ont. 

Whereas tne maxir-um corcentratlon observed in  1970 was 0 86 

The 

The cesium-137, rtmntlum-89/90, plutoniu~n-238, and beryllium data for core 
and dredge samples from Great Western Reservoir and Standley Lake did not 
Indicate significant ditfetences within a given impoundment or b rWen  the 
two impouraments (Apprndix A ) .  

I 

- 16 - 



The October, 1973, sediment study o f  Standley Lake and Great 
wsfem Reservoir and the A p r i l ,  1974, sedrment study o f  Cherry 
Creek Reservoir, Marston Lake, dnd Ralston Reservoir produced 
the following significant flndings. 

(1) flr the environs o f  the Rocky Flats Plant, the base- 
line level o f  plutonlum-239 in the bed tedlment o f  
impoundments i s  & 0.10 pCl/gram (Cry weight). 

(2) Winrant throughout Standley Lake was found to con- 
tain piutonim-239 a t  baseline levels. 

Plutonium contmfnated sediment attributable to the 
routlne discharge of plutonium-tearing 1 lquld wastes 
from the Rocky Flats Plant occurred throughout Great 
Wastern Reservoir. Haxinntm coticantratlonr ilt the top 
layer o f  sediment (2.54 CIA - compacted) were approx- 
imately 40X the baseline concentration; i.e, approx- 
lmrtely 4.0 pCi/gram (dry weight). The thickness o f  
the layer o f  plutonlw-contamlnatad sediment war 5 
CRI or mora at  most sapling rtatlonr. 

l 
I 
I 

, 

L 

I .  

_- 

I 

t 
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INTBCDUCTLON 

Core and dredge samples were c o l l e c t e d  from the hottoins 
of Great W e s t e r n  R e s e r v o i r  and S t p i i d l e y  L&e during 
October 1973 The sa inpl ing  progrzin was cocddcted j o i n t l y  
by t h e  U n i t e d  States  E n v i r o n m e n t a l  P r o t e c t i o n  Agency 
(USE?A) and the Colorado Department o f  H e a l t h ’  t o  assess 
s a i e c t e d  r a d i o n u c l i d e  c o n c e n t r a t i o n s  i n  the r e q e r v c l i r  
bottoms. r 

Core samples were co l lec ted  in I - i n c h  diameter p i p e s  
which were s e t - t i o n e d  i n  1 - i n c h  h c r i z o n s .  S e d r n e n t  
(drzdge)  samples were c o l l e c t e d  u s i n g  a Peteisen d i e d g e .  
Sanple l o c a t i o n s  are shoun in F i g u r e s  1 and 7 .  

The USEPA r e q u e s t e d  t h a t  Rocky Flats  P l a n t  participate 
i n  t h e  a n a l y s i s  o€ approxijuately o n e - t h i r d  of t h e  core 
samples. The Rocky Fla ts  p o r t i o n  o f  t h e  samples were 
a n a l y z e d  at Bat te l le-Paci f ic  Northuest L a b o r a t o r y  a&d 
Lawrence L i v e r m o r e  Laboratory. The  r e m a i n i n g  samples 
were a n a l y z e d  by t h e  USEPA a t  the National E a v i r o r ~ n e n t a l  
Research C e n t e r - L a s  Vegas. T h s  most c o m p l e t e  d a t a  were 
o b t a i n e d  f o r  p l u t o n i u i  and cesium-137. 

A n a l y t i c a l  d a t a  were exchanged w i t h  USEPA i n  June 1974. 
Ths l!clLcviag drsccssicc 1s b~.asd  CI? 2 g r z g h c z l  

* s y n t h e s i s  of the data, L n c l u d m g  hor;zootal d i s p r s i o n s  
zt Eewral  depths, and v e r t i c p l  profiles a t  some strrtr2n-s. 

DISCUSSION - 
T a b l r s  I and I1 show t h e  c o n c e n t r a t i o n s  of Pu 239-240 
and Pu 238 i n  t h e  dredge samples and t h e  core samples 
and t h e  Cs 137 c o n c e n t r a t i o n s  i n  t h e  dredge samples i n  
p i c o c u r i e s  per gram (pCi /g) .  From these data c o n t o u r  
d r a w i n g s  ( F i g u r e s  2-6 and 7-9) were made of t h e  Pu 239-240 
and Cs 137 c o n c e n t r a t i o n s  in  t h e  dredge samples and t h e  
Pu 239-240 c o n c e n t r a t i o n s  for different depths of the core 
samples. Graphs were p l o t t e d  o f  t h e  c o n c e n t r a t i o n  versus 
depth for the Pu 239-240 core samples (Figures 10-18). 

The following c o n c l u s i o n s  are based on these graphical  
d i s t r i b u t i o n s  and tables. 

L 

M i l t o n  IV Lammering, USEPA, REGION VIIJ 
J. B. Barrd, Colorado Department  of Health 



A. 

B. 

Great E'estern R e s ~ r  V O L T  

1 .  

2 .  

3 

4 

Highest concen-Lrztc9?s  of Pt 2zc-2 i3  ale  found i n  
t h e  low areas of rne rcsc,rvacr and along t h e  dam 
( F i g u r e s  2 ,  3 ,  and A )  

Core samples s ere not andl-rzed a t  every d e p t h ,  
so p l o t s  o f  conccc t r a t ion  versus death are not 
complete. I n  lncrst cases the highest c o u c e n t r a t i o s s  
o f  Pu 239-240 were in the 0-1" level .  At f o u r  
sample locaaions the  1-2" level was higher t h a n  
t h e  0-1" l e v e l .  These l o c a t i o n s  are 1 ,  5 ,  8 and 
20 ( F i g u r e s  10 ,  1 2 ,  13 ,  and i 7 )  

Dredge samples 1 ,  1 2 ,  and 21 (Table I)  show a 
d i f f e r e n c e  between t h e  EPA's r e s u l t s  and Rocky 
Flats'  r e s u l t s ,  t h e  EPA's being lower. In two 
cases, p o i n t s  14 and 19,  EPA and Rocky F l a t s  
r e s u l t s  are close. 

S t a n a l e y  Lake 

1 &. 

2 .  

3 .  

H1gh:cst P.2 239-210 cczczntrltlcns ZZ-8 f0zrlld by 
t h e  dam and by the i s l a n d  (Yigure 8 ) .  These 
cocceatrations are le-lter t h a n  those for Great 
Western (0  1 f o r  S t a n d l e y  and 4 . 1  for Great 
Western) .  

The C s  137 c o n c e n t r a t i o n s  in S t a n d l e y  Lake are 
about  t h e  sane as in L x a t  Western Reservoir 
( 2 . 4  for  S t a n d l e y  and 2 I for Great Western). 
C s  137 is also c o u c e n t r a t c d  at  the dam and 
around the island (Figure 9) 

Sample points 2, 5, 7, 10, 15 and 17 shag 
d i f f e r e n c e s  between EPA and Rocky Flats r e s u l t s ,  
Rocky Flats r e s u l t s  b e i n g  higher (Table  1 1 ) .  
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RADIONUCLIDE CONCENTRATIONS I N  RESERVOIRS, STREAMS AND 

DOMESTIC WATERS NEAR THE ROCKY FLATS INSTALLATION 

I 

I 

f 

I 

i ’  

I -  

SUMMARY 

A study o f  the radionuclide concentrations and distr ibut ions i n  surface 

waters and sediments of Great Western Reservoir (and the streams feeding it), 
i n  Standley Lake, and i n  domestic tap waters from the c i t i e s  o f  Broomfield and 

Westminster was conducted between April 29 and May 3, 1974 The results  o f  

this study show that 239-240Pu and 241Am concentrations i n  the waters and sedi- 

ments o f  Great Western Reservoir, the streams feeding it, and i n  Standley Lake 

were above the fa7 lout backsround./ Plutonium-239-240 and 241Am concentrations 

were below detection limits i n  Westminster tap water (<0.001 dpm/R), but 

Broomfield tap water contained measurable but minute quanti t i e s  o f  239-240Pu 

(0 0026 t 0.003) and *’+lAm (0.006 t 0 003 dpm/k). These concentrations are 

orders o f  magnitude below previously reported values published by other inves- 

t igators. 

times below the Concentration Guide for 239-240Pu in waters applicable to expo- 

sure o f  the general public (3700 dpmla), and 13,380 times lower than the EPA 

National Primary Drinking Water Regulation of 33 dpm/a fo r  total long-lived 

alpha part ic le act iv ity (exclusive of radon and uranium). 

transuranic act i v i ty  should pose no health hazard to  area residents. 

3 

The 23g-240Pu concentration i n  Broomfield tap water i s  1 5 mil l ion 

Such low levels  of 

The concentrations o f  239-240Pu i n  surface sediments (top 5 cm) i n  Great 

Western Reservoir ranged from 0 45 to 13.4 dpm/g, and averaged 7.8 dpm/g 

The 241Am ranged from 0 17 t o  3.75 dpm/g, and averaged 1.9 dpm/g. The depth 

distr ibut ion o f  both 239-24oPu and 2’+1Am i n  age-dated sediment cores (using) 

137Cs) from Great Western Reservoir showed two periods of pluton’lum deposition 
Highest deposition corresponds to a deposition period o f  1968 to  1969 

secondary maximum occurred between Both maxima are thought to 

be primarily associated with recorded controlled waterborne releases from the 
plant but the secondary maximum w i l l  a lso have a component from worldwide 

weapons-testing fallout. 

The 

Total inventories o f  239-240Pu and 241Am i n  the sediments o f  Great Western 

Reservoir are estimated t o  be 244 m C i  and 73 m C i ,  respect7vely Most o f  thls  r h 
L 3  3 K h W  

111  



act ivi ty  i s  located i n  the deep sediment deposits a t  the eastern end of the 
reservoir 

In Standley Lake, the 239-240Pu and Z 4 l A m  concentrations averaged about 
Because of i t s  greater 16 times lower than those i n  Great Western Reservoir 

area, however, the estimated Standley Lake sediment inventories of transuranics 
are a factor of only four less than those i n  Great Western Reservoir, I e , 
61 m C i  and 18 m C i ,  respectively,of 239-240Pu and 241Am 

?* 3 4 X h  

The I37Cs concentrations i n  Great Western Reservoir and Standley Lake 
sediments are typical o f  the fa l lout  background o f  13’Cs observed i n  sediments 
from numerous waterways i n  the United States. 

The naturally o c c u r r i n g F G )  i n  surface and domestic waters near the 
Rocky Flats  area represents a much greater re lat ive  c o n t r i b u t u  t o  Lbp Dublic 
radiation exposure than do the traces of Dlutonium. The measured activity o f  
226Ra is  100 t o  1000 times that o f 239-240Pu, and its MpC as soluble material 
i s  167 times less than 239Py. 
pluton1 ym and passes through the water treatment plants more e f f i c ient ly  t h a n  

Also, 226Ra ten& tn - . k ~  

239-240pu 

1v 
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INTRODUCTION 

The presence o f  plutonium i n  s o i l s  near the Rocky Flats  plant has been 

we1 7 documented ( '  ' 2, 3 9  4, 

describe the plutonium distr ibut ion i n  the surface waters and sediments i n  the 

Rocky F la t s  v i c in i ty  A study was conducted between A p r i l  29 to May 3, 1974, 

to determine the radionuclide input to Great Western Reservoir (GWR) and Stand- 

ley Lake (SL) during the operation of the Rocky F l a t s  plant I t  was proposed 

that t h i s  study measure the concentrations of Pu, Am and other radionuclides 

i n  waters and sediments o f  these reservoirs, the i r  i n l e t s ,  and associated water 

treatment plants t o  determine (1) the quantity and o r i g i n  o f  radioactivity 

i n  the Great Western Reservoir and Standley Lake systems, ( 2 )  when the accumu- 

la t ion  o f  radioactivity had occurred, and (3) to  what degree the radioactivity 

had moved through the aqueous environs. 

However, 11 t t l e  data are available which 

SAMPLING METHODS 

Samples o f  water and sediments were collected i n  May o f  1974 A large 

volume water sampler was used to col lect samples from in le t  streams to  Great 

Western Reservoir (see Figure 1, Table 1). Sampling s i t e s  were located a t  the 

A-3 pond, B-4 pond, and the landf i l l  pond which drain into Walnut Creek, South 

Walnut Creek and North Walnut Creek, respectively. 

on Walnut Creek a t  the Indiana Street culv-. 

Reservoir and Sta 

ment plants f o r  the c i t i e s  o f  Broomfield and Westminster were sampled . 
water sampler used i n  this study passes water through ten parallel f i l t e r s  

(pore s i t e  equivalent to  0.5 m) followed by passage through anion, cation and 
aluminum oxide sorption beds This sampling technique has several d i s t inc t  

advantages over convent1 onal grab sampl i ng methods 1 ) it a1 1 ows fo r  sampl i ng 

extremely large volumes o f  water (up to 2000 l i t e r s )  which greatly enhances 

the sens i t i v i t y  for measuring ul tratrace quantities o f  radionucl ides, 2) it 

assures the removal o f  essential ly a l l  chemical forms o f  the radionuclides 

which are present i n  the waterways, and 3) it permits the determination o f  the 

Sampling was a l so  conducted 

Lake waters and sanitary waters from the water treat- 

I n  addition, Great Western 

The 

I 

particulate ( i  e , the greater than 0 5 urn frxLun ) ,  anionic (or negatively 

charged species), cationic (or posit ively charged species), and nonionic 
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fractions (or  uncharged species of the various radionuclides i n  the water) 
This characterization i s  very important i n  understandinq the behavior. f a t <  
and a m ? t y  .nf ra dionuclides i n  the aquatic environment Anionic forms 

o f  radionuclides are Quch mor- i n  aquatic environs compared to c a t i o u  
forms of the same radionuclides Anionic forms also are more d i f f i c u l t  to  
remove i n  water treatment plants 

- - 

Depending upon the turb id i ty  of the water, up t o  2000 l i t e r s  o f  water 
were processed Standley Lake, Great Western Reservoir, and especially the 
creeks w h i c h  drain into Great Western Reservoir, contained appreciable sus- 
pended loads, and p l u g g i n g  of the f i l t e r s  limited the volume o f  water which 

C- 

Sediment samples were collected from Great Western Reservoir, Standley 
Lake, and from a sedimentation bank consisting o f  deposits o f  filter-backwash 
material from the Broomfield water treatment p l a n t  (see Figures 2-4,  Table 2) 
Surface sediments were collected from a boat using a 12-inch by 12-inch Wildro- 
Eckman (Wildlife Supply Company, Saginaw, Michigan) dredge and using the top 
2 inches o f  sediment for  analyses. 
6-inch diameter gravity coring device which i s  capable o f  sampling sediments 
t o  depths o f  24 inches 
o f  the sediments or migration o f  the radioactivity, and to  thus enhance the 
integrity o f  the core. 
s l i c e s  to  determine depth profiles for  the various radionuclides. 

Core samples were obtained u s i n g  PNL’s 

Core samples were immediately frozen to  prevent mix ing  

The cores were subsequently sectioned into 2-inch thick 

ANALYTICAL METHODS 

Samples of f i l t e r s ,  ion exchange resins,  sediments, and water were packaged 
i n  a standard geometry configuration and the gamma-ray emi tti ng radionucl ides 
were determined by measuring i n  a Ge(L1 )-NaI (T1 ) coincidence-anticoincidence 
gamma-ray spectrometer This high-sensitivity gp[ma-raY spwtro meter stores 
coincident and single events i n  separate halves of the memory The NaI(T1) 
well crystal i n  which the Ge(Li) detector i s  inserted will accept environmental 
sample sizes up to  1 . 1  l i t e r  volume 

The concentration o f  the separated p l u t o n i u m  radionuclides was measured 
by a1 pha energy analysis E n v i  ronmental samples were spiked w i t h  2 4 2 P u  tracer 
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and dried The samples were then leached with a HNO,-HCl solution The resi-  

due was dried and fused with Na,CO, The fused s a l t s  were dissolved i n  acid 

and combined with the acid leachate The combined solut ion was converted to 

8 M  - HNO, and the plutonium adsorbed on a Dowex 1, 50-100 mesh NO,' form anion 

exchange column The plutonium was eluted by reducing to  Pu+, with an HC1-HI 

acid mixture N i t r i c  acid was added to  the eluate and evaporated to dryness 

The residue was dissolved i n  n i t r i c  acid, the plutonium oxidized i n  P u + ~  with 

NO,- and evaporated to dryness. The residue was dissolved i n  hydrochloric 

acid and passed through a Dowex 1, 50-100 mesh, C1' form anion res in  column 

Plutonium was eluted by reducing to  P u + ~  with a HC1-HI mixture. The eluate 

was evaporated to  dryness, dissolved i n  sulfur ic  acid and electroplated 

radi ochemi cal y i e l d  was determi ned by the recovery of 242Pu tracer 

The 

The concentration o f  241Am i n  sediments and water samples was determined 

by using the described anticoincidence shielded Ge(Li) diode This instrument 
lowers the background and Compton interference by an order o f  magnitude as com- 

pared to conventional Ge(Li) diodes of the same size. 

levels  could have been attained by chemical separation o f  the *'+lArn followed 
by alpha energy analysis, but the cost o f  such analyses was prohibitive 

Much lower detection 

ANALYTICAL RESULTS 

The radionucl i de measurements from water samples associated with the 

drainage systems of Great Western Reservoir are shown i n  Tables 5 through 13 

and consist o f  samples taken from A-3 pond, 8-4 pond, a l and f i l l  pond, the 

in1 e t  t o  Great Western Reservoir (Walnut Creek), Great Western Reservoir (near 

dam s ite),  and sanitary water from the Broomfield water treatment plant. The 

radionuclide measurements i n  surface sediments and core samples collected i n  

Great Western Reservoir are shown i n  Tables 14 through 32 and consist of sam- 

ples taken a t  Great Western Reservoir and a t  the Broomfield water treatment 

plant filter-backwash pond The radionuclide measurements from surface sedi- 

ments and core samples from Standley Lake are shown i n  Tables 33 through 36 

Water samples associated with Standley Lake are shown i n  Tables 37 and 38 and 

consist o f  samples taken a t  Standley Lake near the dam s i t e  and Westminster 

water treatment plant Summaries o f  radionuclide concentrations i n  surface 
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waters normalized to 137Cs concentrations are shown i n  Table 3 ,  and compari- 
sons o f  our 2 3 9 - 2 4 0 P ~  and z41Am w i t h  previously reported data  are shown i n  

Table 4 

- 

DISCUSSION 
I 

Surface Waters 

Radionuclide concentrations i n  surface waters w h i c h  drain through the 
Rocky Flats area were extremely low, and frequently near detection limits 
This sampling was conducted during a period i n  which fallout from nuclear 
weapons testing reached i ts  lowest point since the early 1960's. 
ultratrace quantities o f  a number o f  f ission products and transuranic radio- 
nuclides were detectable i n  surface waters and i n  Broomfield city tap water 
(see Tables 5-13 and Tables 37 and 39) However, there i s  n m c e  th& 
these f i _ l s l o n _ p r o d u c t s t P d  fr om the Rocky F l a t <  F l u  t ,  since the i r  
relative conc-are i nd I;< t i nsu i s ha b 1 e from fa  1 7 out . 

Nevertheless , 

The d r i n k i n g  waters of the c i t i e s  of Broomfield (derives water from Great 
Western Reservoi r )  and Westmi ns t e r  (den ves water from Stand1 ey Lake) were 
analyzed to determine i f  Pu and Am were present 
o r  2 4 1 h  ( 4 . 1  
amounts o f  239-240Pu were detectable i n  Broomfield tap water, 0.0022 dpmla 

being i n  3 solu- s and 0 00029 dpm/a being i n  a particulate fm 
AinPrlC1um - 741 c oncent-nq wer e detectable only in th P.narbculate, a t  
a concentration o f  0 007- e. The 239-240Pu concentrations i n  Broomfield 
tap water are 500 times lower than t h a t  reported i n  Radiation Data Reports(l) 
for  the 1971 yearly average, and are 15 times lower than measurements made 
i n  1969-70 by Poet and M a r t ~ l l ( ~ )  (see Table 4 )  
Reports , ( l )  a 2 3 9 - 2 4 0 P u  concentration o f  0.89 dpm/a was reported as a yearly 
average for Westminster tap water The value reported i n  RDR i s  about 3000 
times higher than the ''less than'' concentrations measured i n  th is  study 
sampling and analyses methods were n o t  described i n  the studies reported i n  

R D R ( l )  and Poet and Martell ,(3) so  no comparison can be made w i t h  the 
methods described here However, 1600 l i t e r s  and 2000 i t e r s ,  respectively, 
o f  Broomfield and Westminster t a p  waters were sampled n this  study The 

No 239-240Pu (<O 0003 dpm/e) 
Ultra-trace could be detected i n  Westminster tap water. 

.) 

Also i n  Radiation Data 

The 

i. 
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particulate and soluble forms of 239-24OPu ( a n d  other radionuclides) were 
removed and concentrated on f i l t e r s ,  resins and activated aluminum oxide 
adsorbents d u r i n g  the sampl i n g  process , SO hand1 ing, storage and contamination 
problems were greatly minimized 
care afforded by this  large-volume sampling technique have provided the most 
accurate ultratrace measurements o f  2 3 9 - 2 4 0 P u  ever made i n  these t a p  waters 

1 0 
I t  is f e l t  that the extreme sensit ivity and 

The 2 3 9 - 2 4 0 P u  concentrations which were measured i n  Broomfield t a p  water 
( 0  0025 dpmle total 239-240Pu) and Westminster tap water (~0.0003 dpm/e total 
239-240Pu) were 1.5 x 106 and 1.2 x lo7 times, rem- l y ,  b a  the max- 
irnum permissible concentration i n  waters applicable t o  exposure o f  the gen- 
era1 P u b 1 1 5  which i s  3667 dpm/i ( 3 )  These concentrations are also 13,300 
and JIJ0,OOO- respectively, then the EPA National Interim Primary 

radon and uGiurn) which i s  33 dpm/i (''1 Whereas the RDR(l) report showed 
that Standley Lake water and Westminster tap water contained about the same 

of the 239-240Pu levels occurs d u r i n g  the water treatment process This is 

- 

--2__ D r i n k i n g  Water Regulations for  tota l  long-lived alpha act ivi ty  (exclusive o f  

L 239-240Pu concentrations, the data here skw t h a t  a t  least  a 10-fold reduction - 
accompl 1 ished primarily by removal of the particulate forms o f  239-24OPu 

The sampling method used i n  th i s  study partitions the radionuclides i n t o  
particulate,  cationic,  anionic and nonionic chemical forms. Such information 
on the chemical forms i s  useful i n  assessing the environmental behavior and 
fate  o f  radionuclides i n  aquatic environments. 
Lake appears to  be predomEantly assouate  d-culate matter 
majori ty  of the 2 3 9 - 2 4 0 P u  i n  BrQomfield t a ~ e u s w u - s a l u t i k x u Q n ,  
form _L_ The 7Be, ssZr-gsNb, 141Ce, "+%e and 241Am were u m g  aqwcia  ted - 
w i t h  the suspended particulates,  whereas the 4 + .  1 0 3 - 1 0 6 R u ,  124Sb and 226Ra $')J&d ' 
were predominantly present as  soluble species 
unique behavior, being present i n  anionic, cationic and nonionic forms 

Plutonium-239-240 i-ley 
The 

- _ .  

The soluble 1 0 3 - 1 0 6 R ~  shows a 
The 

chemistry o f  ruthenium is  complex, and numerous chemical forms are known t o  
simultaneously exis t  i n  natural waters. 
the Broomfield and Westminster water works the cationic l o 6 R u  i s  e f f ic ient ly  

i s  interesting t o  note t h a t  about 60% of the f i l terable  Pu i n  Broomfield t a p  

water was collected by the anion resin 

During the water treatment process a t  

6 removed, b u t  the anionic l o 6 R u  is only s l ight ly  reduced i n  concentration It 
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s- 

In some of the surface waters, a small fraction (5-30%) o f  the 40K and/or 
137C3 was collectod by either the anion resin o r  A1203, and i n  the Broomfield 
t a p  water as much 6s 69% o f  the l3’Cs was collected on the A1203 
plausible explanatior, for this  anomaly could be the presence of negatively 
charged colloids w h i c h  contain adsorbed radioactivity, and which may have a 
h i g h  a f f ini ty  f o r  the a n i w  resin o r  activated aluminum oxide 

The most 

Sed1 ments 

Great Western Reservoi r 

Great Western Reservoir sampling locations are shown i n  Figure 2 

perimeter o f  the reservoir,  except fcr the deep eastern end, appears to be 
rather well scoured of fine-grain sedimnnts. The near-shoreline stations 8-5, 
D - 1 ,  D-2, D-5 and E-4 were characterized by gravel or partial rock bottoms 
and no sediment cores could be obtained ct  ihese locations The bottom of  the 
western half o f  the reservoir,  and also nezr the center,  contained a layer of 
flocculent sediments several inches thick wh I ch over1 ay a hard, compact clay 

layer, believed t o  be the original bottom of tile reservoir The compact clay 
bottoms o f  these cores had undetectable amounts cf I3’Cs, which suggests pene- 
tration of  the coring device into the original c l a ~  battom where no fal lout 
13’Cs had reached (see Tables 26 and 28) 

reservoir, a t  Stations A-2, A-3 and 8-3, up to 16-22 iwhes o f  fine-textured, 
soft sediments overlay the compact clay bottom layer 
of 20 t o  24 inches i n  length were collected, the bottom sweral  inches con- 
taining the original hard clay bottom o f  the reservoir 
trations i n  the compact clay bottom of  these cores indicate that oenetration 
through the sediments deposited since the dam was constucte  a i n  1255 was 
achieved 
cores, sedimentation rates for various locations i n  the reservoir could be 
estimated and are shown i n  Figure 9 
l f  the reservoir appear t o  range from about 0 82 t o  1 45 incher per year,  ind 
1 1  the center o f  the reservoir range from about  0 1 to 0 46 inches per yekr 
Sefimentation rates around the perimeter of the reservoir aopear to be less 
t h a i  0 1 inches per year 

The 

In the de?p eastern end o f  the 

j t  these locations cores 

The lcw I3’Cs concen- 

Based on these observations and using 13’Cs to  age date ti e deep 

Sedimentation rates i n  the eastern end 

- 
-- 
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The d i s t r ibut ion  o f  '+OK, 137Cs, 226Ra and 241Am i n  surface sediments 

o f  the reservo i r  are shown i n  Figures 5 to  8 

226Ra and 2'+1Am are two- t o  threefold h igher  i n  the sediments located i n  the 

center o f  the reservo i r  compared t o  the sediments accumulating around the 
perimeter o f  the reservo i r  

re servo i r ,  resu l t ing  i n  a d i l u t i on  o f  the contaminated sediments by the input 

o f  re l a t i ve l y  uncontaminated c lay  s o i l .  

re servo i r  sediments are typi  cal o f  the fa1 l o u t  background 1 eve1 s observed a t  

other locat ions i n  the United States (5y 6 y  7 9  8 ,  

The concentrations o f  I 3 7 C s ,  

Th i s  may be due to  eros ion  o f  the edges of  the 

The 137Cs concentrations i n  the 

I t  should be pointed out that the radionucl ide concentrations i n  the sur- 

face grab samples do not exactly correspond with the concentrations measured i n  

the top 2 inches o f  the grav i ty  cores, e spec ia l l y  a t  s ta t ions  along Transect A 
We bel ieve that t h i s  i s  due to  small differences in distance (tens o f  feet) 

between the actual locat ions where the grabs and core samples were taken The 

reservo i r  bank a t  the eastern end is steep 
the s i de  o f  this bank could be obtained, it was necessary t o  back o f f  toward 

the center o f  the reservo i r  several tens of feet I t  was subsequently found 

from the sediment data that radionuclide concentrations decrease i n  the near- 

shore sediments compared t o  those i n  the middle o f  the reservo i r ,  and it i s  
bel ieved that this is the reason f o r  the observed differences between surface 

grabs and the tops o f  the grav i ty  cores. 

s tud ies  reported i n  Radiation Data Reports(l)  and by Poet and Martell(3) i s  
shown i n  Table 4. The average 23g-240Pu concentrations in  surface sediments 

measured here were 3 2 and 25 times higher,  respectively,  than that reported 

i n  RDR(l) and by Poet and Martell  ,(3) while the average 241Am concentrations 

are 30 times higher than that reported by Poet and Martell  (3) 

d i s t r ibut ion  o f  rad ioact iv i ty  i n  the reservo i r  shows low l eve l s  near the shore- 

l i n e ,  the samples analyzed i n  the RDR report  and by Poet and Martell  may have 

been obtained near the shore Such samples do not g ive  a representative pic- 

ture o f  the areal and depth d i s t r ibut ion  o f  radionucl ides i n  the reservo i r  

So that deep g rav i ty  cores along 

A comparison o f  the 239-2'+0Pu and 241Am data i n  this report  with ear l ie r  

S ince the 

I n  Figure 10 the depth d i s t r ibut ion  o f  the 137Cs i n  several cores i s  

plotted I t  has been demonstrated by other investigators (5, 6,  7 3  8 ,  that 
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I3’Cs can be used to  age date certa in  types of sediment cores, and that the sub- 
surface maxima are due to  abnormally high leve l s  of fa l lout  137Cs which had 

been deposited i n  1963 

t i c l e s  and becomes a t racer  of  sediment deposition 

s ion  or chemical exchange o f  the attached 13’Cs has been shown t o  be pract i ca l l y  

neg l i g ib le  Thus, l3’Cs can be used to  age data sediment cores i f  the sedi- 

mentation ra te  i s  f a i r l y  constant and of the appropriate magnitude to  be 

compatible with the 30-year ha l f - l i f e  of 137Cs 

optimum for Great Western Reservoir,  and the 137Cs depth p ro f i l e  i n  F igure 10 

can be age dated with the 137Cs  maxima correspondiRg to  sediments l a i d  down 

i n  1963 

Cesium-137 becomes st rong ly  attached t o  sediment par- 
a 

Post-deposi t ional  d i f fu-  

These conditions appear t o  be 

The d i s t r i bu t i on  o f  239-240Pu i n  the A-2 core i s  shown i n  F igure  11, with 

the age vs 

239-2‘+oPu depth d i  s tri but1 on may be i denti f i ed 

occurs a t  a depth o f  6 inches, and corresponds t o  sediments deposited between 

1968 and 1969 
corresponds t o  sediments deposited around 1959. 

depth sca le  on the r i g h t  margin Two subsurface maxima i n  the 

The 1 arger 239-z40Pu maxima 

The smaller maxima occurs a t  a depth of 16 inches, and 

A s im i l a r  dat ing procedure may be done for the 241Am d i s t r i bu t i on  observed 

i n  the A-2, A-3, and B-3 cores (cf Tables 20, 21, 22, 23, 25, and 26) because 

of  the re l a t i ve  constancy of the plutonium to  americium r a t i o  

i n  the 1968 t o  1969 period but shows the secondary peaks t o  range from 1959 

t o  1964 

(Pu/Am = 3 3 2 

79 i n  the A-2 core). This ana ly s i s  l ikewise indicates a primary maximum 

These transuranic sediment d i s t r ibut ions  i n  Great Western Reservoir  are 

thought t o  be pr imar i l y  associated with controlled, recorded waterborne re- 

leases from the o lant  but the secondary (ear ly  1960’s) maximum w i l l  a l s o  have 

a component from worldwide weapons test ing  (9) 

The amount of 239-240Pu incorporated i n  Great Western Reservoir  sed1 - 

o f  239-240Pu/137Cs i n  the sediments by the 239-240Pu/137Cs r a t i o  i n  
rnents i n  excess o f  that  derived from fa l lput  can be estimated by d iv id ing  the 

r a t i o  
fal lout The 239-240Pu/137Cs r a t i o  i n  fa l lout  has been reasonably constant 
c1__ - 
a t  about 0 01 s ince the ear ly  1960‘s 7 The 239-240Pu/137Cs r a t i o s  i n  Sacramento, 

Ca l i forn ia  s o i l s  (top cm) and i n  Columbia R iver  sediment cores upstream from 



I 1 

L 

: 

I 

the Hanford project were 0 013 and 0.012, respectively, and are thus not much 

different than the fal lout rat io  
surface sediments of Great Western Reservoir was 2 75 
plutonium c o n t r i b u t i o n  to the surface sediments from Rocky Flats averaged 
about  275 times t h a t  contributed from,,fallout. The apparent Rocky Flats 
p l u t o n i u m  contr ibut ion  relative to  t h a t  derived from fallout i n  the subsur- 
face sediments i n  the A-2 core ranged from a b o u t  260 a t  the surface t o  80 a t  
a depth of  12 inches 

The average 239-240Pu/137Cs r a t i o  i n  

T h u s ,  the apparent 

WOrldwiPG 

The inventory o f  239-24oPu i n  Great Western Reservoir sediments can be 
estimated as follows 
n i u m  act ivi ty  and sediment thickness (see Figures 12 and 13). Zone A i s  the 
deepest layer of sediments (40 t o  50 un) containing the highest plutonium activ- 
i t y ,  and i s  located a t  the eastern end of the reservoir. Zone 6 i s  a region 
approximately 3 times larger i n  area than Zone A and of intermediate sediment 
thickness (estimated to  average about 20 cm deep) and plutonium ac t iv i ty ,  and 

extends to  the west from Zone A. 
was estimated t o  be about 5 dpm/g, and was obtained by using a sl ightly lower 
plutonium concentration than the average surface value, w h i c h  was 6 dpm/g 

T h i s  reasoning was used since the average 2 3 9 - 2 4 0 P u  concentration i n  Core A-2 
(0-50 cm) was 75% lower than the surface plutonium concentration i n  the core 
Only surface p l u t o n i u m  concentrations were measured i n  Zone B Zone C i s  the 
remaining area of the reservoir which i s  Characterized by a t h i n  deposit o f  
sediments (estimated t o  average about 5 an deep) of relatively low activity 
The average plutonium activity i n  this area i s  the most di f f icul t  to  estimate, 
since only one 239-240Pu measurement was made. 
concentrations i n  the sediments from the shallow areas represented by Zone C 

are 1/3 to 1/2 of the concentrations i n  the center and east  end of the reser- 
voir,  a plutonium concentration of about 1/3 to  1/2 of the maximum surface 
concentrations i n  the east end was estimated and 3 dpm/g was used 
l a t i o n  using these considerations may then be made. 

the reservoir can be divided into three zones o f  pluto- 

The average 2 3 9 - 2 4 0 P u  act ivi ty  i n  Zone B 

Since the 137Cs and 2 4 1 h  

A tabu- 
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Est Avg 2 3 9 - 2 4 0 P u  Avg 
Surface Sedi men t Sed1 ment Sediment Activity 

Area (m2) Depth (m) Vol (cm3) W t .  ( g ) *  (dpm/g)  
Zone A 45.000 0 5  2 3 x 10'r 3 2 x 10 '0  9 
Zone B I ~ O ~ O O O  0 2  2 4 x 10'0 3 4 x 1 0 1 0  5 

I Zone C 400,000 0 05 2 0 x 10'0 2 8 x 1 0 1 0  3 

*Assuming a b u l k  density of  1 4 g/cm3 for the sediments This i s  a 
typical value f o r  f ine  grained lake and r iver sediments 

Upon mu1 tiplying the sediment masses (9)  by the average 2 3 9 - 2 4 0 P u  concentra- 
tions i n  each tone, these three sediment zopes contain the following estimated 
i nventories of 239-24OPu 

Zone A 
Zone B 
Zone C 

mC 1 

29 x 10'0 131 
17 x 10'0 77 

36 

- dpm 

a x 1010 - 
Total 54 x 10'0 244 

Thus, a total o f  approximately 244 m C i  (or 3 9 g )  of 2 3 9 - 2 4 0 P u  i s  present 
i n  the reservoir sediments. 
sediment deposits a t  the east end of the reservoir which represent only about 
8% o f  the total  surface area o f  the reservoir 

Over 50% of this inventory is located i n  the deep 

The average 241Am/239-240Pu rat1 o i n surface and subsurface sediments 
i s  about 0.30 
i s  also present i n  the reservoir 

T h u s ,  an Z41Am inventory of about (244 mCi)(0.30) = 73 mCi 

Two 18-inch sediment cores were collected from a sedimentation bank con- 
sist ing o f  deposits of filter-backwash material (alum floc) from the Broomfield 
water treatment plant (see Table 2 and Figure 4 )  The radionuclide analyses 
of these cores (see Tables 2 ,  3 1 ,  32,  and Figure 4 )  showed l3'Cs and Z 4 1 A m  

concentrations which were typical of the surface sediments i n  Great Western 
Reservoir The 2 3 9 - 2 4 0 P u  concentration i n  these cores, based on extrapola- 
tions from the 241Am/239-240Pu rat io  i n  the reservoir sediments, was es t? -  
mated t o  average 4 5 dpm/g This sedimentary material appeared t o  consist 
primarily o f  processed alum f loc  Since the radionuclide concentrations i n  

this material were similar t o  those observed i n  surface sediments o f  the 

10 



reservoir,  i t  would indicate that scavenging by the alum floc of soluble forms 
or very smal 1 suspended particles (containing relatively h i g h  concentrations 
o f  adsorbed radionuclides) was occurring d u r i n g  the water treatment process 

a 
Standley Lake 

A l t h o u g h  Standley Lake is about four times larger than Great Nestern 
Reservoir, the sedimentation Characteristics of the two water bodies appear t o  
be quite similar 
i n  the deep water a t  the eastern end o f  the lake adjacent to the dam A t  this 
location (SL-5G) a 17-inch long gravity core was obtained w h i c h  showed a 
137Cs depth distribution quite similar t o  those observed a t  s t a t i  ons A-2, 

A-3 and B-3 a t  Great Western Reservoir. A sedimentation rate  o f  about 1 0 
inches/year was estimated for  this area o f  re lat ively  f a s t  sediment deposition 
The western 2/3 of the lake has a sediment bottom characterized by a 1-  to  
6-inch layer o f  flocculent sediments which overlay a layer o f  hard, compact 
clay which appears to  be the original lake bottom 

The area of h i g h  sedimentation in Standley Lake i s  located 

1 -  The average 239-240Pu concentati on i n  Standley Lake surface sediments 
was 0.49 dpm/g, which i s  about 16 times lower than i n  Great Western Reservoir 
(see Table 3)  The 241Am concentrat7ons were near the detection limit o f  the 
direct  counting method used, b u t  an average concentration of 0.28 2 14 dpm/g 

was measured i n  four samples. Based on the re lat ive  sizes and radionuclide 
contents of Standley Lake and Great Western Reservoir, it i s  estimated that 
the 239-240Pu and 2 4 1 h  inventories i n  Standley Lake are about 1/4 of those 
i n  Great Western Reservoir, or about 61 m C i  of 239-240Pu and 18 mCi of 241h 

11 
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Table 1 

cw 

L 

Location 

Westminster C i t y  
Water Supply 

Standley Lake 

Broomfi'eld C i t y  
Water Supply 

Great Western 
Reservoir 

Walnut Creek & 
In le t  to  GWR 

B-4 Pond 

X-3 Pond 

North Walnut Creek 
Below Rocky Flats 
Land r'i 11 

LA2GE VOLUME WATER SAMPLES 

Date 

4 - 29-74 

4-29-74 

4-30-74 

4 - 30- 74 

4-30-74 

4-30- 74 

5-01-74 

5-01-74 

Volume Sampled 
( l i t e r s )  

2 0 0 6  

710 

1 6 6 5 ;  1514 

2 9 7 ;  212  

7 0 . 8 ,  58 3 

15 3 

9 7 . 4  

1 3 6  

No o f  
Samples 

1 

1 

2 

2 

2 

L 
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T a b l e  2 

SEDIMENT CORES 

Great Western Reservoir and Standlev Lake 

Core L e n g t h  
S t a t i o n  ( i n c h e s  ) 

A- I 
A- 2 

A- 3 
A-4 
B- 3 
c-2 
c-3 
c-4 
E-4 

*HC-1 

"HC-2 
**SL-5 

8 

2 4  

20 
6 

20 
6 

6 

10 
6 

18 
18 
20 

*Broomfield Water T r e a t m e n t  P l a n t  E f f l u e n t  
Basin 

**Standley Lake 

. 

L 
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Figure 10 Depth Distribution of137Cs in Great Western 

Reservoir Sediments 
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Figure 11 Depth Distribution of 239-240Pu in Great 

Western Reservoir Sediments 
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February 2 7 ,  1980 

0 John Harley ,  D i r e c t o r ,  EML 

BATTELLE PNL REPORT "RADIONUCLIDE CONCENTRATIONS I N  RESERVOIRS, STREm AND 
DOMESTIC WATERS NEAR THE ROCKY FLATS INSTALLATION" 

I f ind no major  t e c h n i c a l  problems wi th  t h i s  work. It provides useful i n -  

formation on l e v e l s  o f  t r a n s u r a n i c s  and o t h e r  radionuc l ides  rn  the  water systems 

near  t h e  P l a n t  The s tudy,  which was conducted s i x  years  a g o ,  d e a l s  mainly w i t h  

Great Western R e s e r v o i r  which r e c e i v e s  some o f  t h e  waste l i q u i d  d ischarge  from 

the P l a n t .  It i s  t h e r e f o r e  d i f f i c u l t  t o  d i s t i n g u i s h  t h a t  f r a c t i o n  o f  the  plutonium 

found i n  sediment which was depos i ted  fo l lowing  resuspension from the  b a r r e l  s torage  

a r e a .  

tonium contamination and both peak per iods  (1968-69 and 1959-64) were a t t r i b u t e d  

by t h e  authors  to c o n t r o l l e d  water-borne releases. 

Only the dated c o r e  segments from Great Western provided a h i s t o r y  o f  plu- 

Unfor tunate ly ,  S t a n d l e y  Lake which c o n t a i n s  P l a n t  plutonium t h a t  a r r i v e d  

p r u n a r i l y  by the a i r b o r n e  r o u t e ,  was n o t  sampled as i n t e n s i v e l y .  I n  fac t ,  the  

s i n g l e  c o r e  taken showed no depth s t r u c t u r e  i n  t h e  plutonium d a t a  according t o  the 

t e x t  I n  fact the  plutonium data f o r  the  c o r e  segments a r e  n o t  presented and 

t a b l e  34 i n d i c a t e s  plutonium was n o t  measured. The c o r e  was taken  i n  the  same area 

o f  the  Lake as t h e  one WHOI took f o r  us i n  1 9 7 6 ,  but our c o r e  was 50 cm long while 

the PNL c o r e  was o n l y  38 cm 

PNL c o r e  would have missed the  1963-64 f a l l o u t  peak. 

ours in 1976 ,  however, answers the  ques t ion  o f  whether t h e r e  was an a i rborne  release 

from the P l a n t  p r i o r  t o  t h a t  which s t a r t e d  around 1966 and peaked in 1968-69 

a 

Assuming t h e  sedlmentat ion rates were smi lar ,  the 

Nei ther  t h i s  PNL study nor 

WHOI might f e e l  t h e  need t o  c r i t i c i z e  t h e  c o r i n g  and preservat ion  methods 

(e g. f r e e z i n g  b e f o r e  s e c t i o n i n g )  used by PNL but I do n o t  see unportant problems 

here.  



DOCUMENT D-6 

"Time Pattern of Off-Site Plutonium Contamnation From Rocky Flats Plant 
by Lake Sediment Analyses" 

(1978) 

by 

U S Department of Energy 

RFPaprZOO d 04/04/91 



* it’oods Hole Ownnograpliic In\titutioii, \ \nods Ilulc, Alass 

U S D O E  
tHVIROIIMttlTA1 (1UAAlIRlY RfPORT 

( I  I 
r l  <I 1- 

3 42 



T: - 124 



, . \  . ..- \ 
\ 

5P \ 

\ 
\ 

\ 
\ 

I 
I 

I I 
I .3 
i I 

I I 

I I .  / 

0 1 2 I, '\ , - , \ !  

, 

I D e n v e r  

rigire 1 Plutorium-239,240 contours around Rocky Flats, based on 
analyses of soil samples collected m 1970 (see ref 3) 
Contours in ~ C I  p c r  m2 

, > -- - j -  

L - 13s 



L - J2G 



7 nhlc 1 

' I7Cs in Standley 'L ahc Core 5ections 

dpm per  kg D r y  Sctfiment 
Depth Core - 1 Cole  - 2 
inc rem en t WHO1 

(c m) I RII  1st xnal\\ls 2nd ilnal:sls rim 

Ir Data suspect - not used in averaging 

r - 1 2 7  



i 
i 

! 
i 

1 
i 
I 
I 
i 

I 

I 

I 

f 
1 
I 
1 
I 
I 

I 

I 
I 
i 
I 
I 

N 
E 

0 

U 
C 

--1 
Y) 

0 ?I_ 

“1 

I - 1 2 8  

cj 
a 

0 
E 

(u 
Acd 

a Y 

c 5  
d -  
e 

u z  
m =  - 2  
t- 



239, 21u 
Pli using the 137 area in thc  last colurrn of Taole 5 I l i ib  was done  for Cs and 

hand-drawn c u r v c s  thiough t h e  data points of 1 igure '3 and the r e s u l t s  are givcn  in 

Tablc 6 bince the d a t a  i e p r e s e n t  consccutibe corc seqnents the  summation I S  the 

total a c t ~ v i t y  of thc  nuclide per unit clrca of thic core 
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I a Activity Isotope Ratios for Standley Lake Core Sectlons 
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Table 4 

Mass Ratio, 240Pu to 23?Pu, in Standley LaLe Core Sections 

Depth 
inc remcnt 

(c rnl 

?(- Of tot31 
Pu from 
Rockt i'lals 

0 - 2 

8 - 10 

12- 14 

I O  - 1 %  

20 - 22 

24 - 26 

2,  - 23 

29 - 30 

30 - 32  

34 - 36 
38 - 10 

42  - 4 1  

i - 135 

74 

8b 

87 

80 

90 

90 

88 

71 

52  

16 

2 

0 
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Density and W a t e r  Content of Standley Lake  Core Sections 

Depth g Wet 
increment sediment sediment 

(c m) p e r  cm 3 '% H 2 0  p e r  cm2 * 

0 - 2  
2 - 4  
4 - 6  

6 - 8  
8 - 10 
10 - 12 
12 - 14 

11  - 10 
1G - 19 
18 - 20 

20 - 22 
22 - 24 
24 - 26 

21, - 2 3  
23 - 30 
3b - 32 

32 - 34 
34 - 30 
35 - 33 

35 - 40 
40 - 4 2  
42  - 44 

44 - 46 
46 - 48 
48 - 50 

1 I 9  
1 z j  

1 i3u 

1 IS 
1 1(l 
1 19 
1 18 

1.21 
1 19 
1 19 

I 2b 
1 19 
-I 19 

1.21 
1 1') 
1 21 

1 20 
1 . 2 2  
1 28 

1 .29  
1 23 
1 20 

1 241 
1.29 
1 26 

so 2 0 71 
0 2  4 0 95 
73 .2  0 04 

71 1 0 70 
$4.7 0 GO 
71.3 0 bP  

73.7 0 6 3  
0s 4 0 75  
63.8 0 7 2  

G9.1 0 7 5  
09 9 0 7 2  
70.0 0 .73  

57 5 1 .10  
64 2 0 .38 
G6.5 0 84  

61; 0 0.34 
67 .0  0 31 
65.9 0. so 

Per 2 cm tlmk sqment 
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Table 6 

Inventories of liadionuclides in Standley Lake Sediment Coi e 

-- 

Depth nCi p e r  m 2 

Pu 239,240 
increment 
(cm) l3'C 4 

0 - 2  
2 -  1 

- f l  

b - 3  
8 - IO 
' 0  - 12 

12 - 14 
1 1  - IG 
1') - 18 

23 - LO 
2(J - 23 
22 - L4 

2 1  - 3, 
2 b  - 28 
28 - 30 

30 - 3 2  
! 2  - 34 
l 1  - ! ( I  

3(1 - 38 
38 - 40 
40 - 42 

42  - 44 
44 - 40 
46 - 18 
48 - 50 

3 5  
6 9  
5 3  

b 4 
6 3  
7 6  

9 3  
3 1  

1' 5 

11 7 
J2 Y 
13 b 

13 I 
15 1 
10 4 

22 6 
2b 3 
22 8 
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20 0 
17 0 
1 7  G 

c 118 8 

0 31  

0 $1 
0 20 

0 5v 
0 53 
0 74 

c 81) 

I 14 
1 22 

1 68 
1 93 
2 90 

3 57 
2 97 
1 I O  

0 GO 

0 27 
0 22  

L) 37 
0 59 
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0 OG 
0.57 
0 38 
0.29 

25 8 



rlevelopmcnt ot 'I me- ~ c a l e  --------- - --- 
I 
I 1 i c t o i d  c\l sctlirrcnt c!cpo%ition tan I)c rccoastructeJ from examination of thc clntn 111 

137 - 3 m d  I igures  2 - 4 It can I)c seen t9at a m u i m u m  in both Cs and t rans  6""" ranic nuclides occur's toward the bottom of the 50 cm core, in the 42-44 crn section 1 he  

C s  dec reases  fairlj smoothly from this  depth to the sediment - water  intcrface while 

I I I C  

137 

the t ~ a n s u r u i i c  rlnt? s l i w b  a much 1 a 1 p 1  sccnml i n u i m u m  in thc 2 1 - 3 1  c m sc( t i o n  

2? 0, 240 Pu to Pu ratios in 7al)lc 3 ltc IJatween 0 0 2  md 0 03 exccpt fol thc 32-32 cm 
23 3 

I 
section whcre its 0 06 t 0 0 1  value is slgnlficantlv higher t h a n  thc o ther  ratios 

h g h  ratio is taken to reprcscnt  the first indication in the sediment record of the arrival 

This 

1 - 13.3 



2 : 3 , 2  10 
beqan dcpositinq at this time 1 I(\ t’u to 

fallout nuclear test clel)~ IS  a1 11 c ; i  I I P  similar, as elpected 

Pic ratios of Hock 
23s 

(3, 25) 
1 he 



accumulztccl deposition of global fallo it 1 tils sediment core represmt m l t  14 i ear of 

nuclear tect talloiit which I ~ g a n  ahout 21 ycars ago, although 73 percent o f  thc tot'il C s  
137 

(2Y deposit occur red  since 1961 m thc +en dcgree  latitudc band which includes Rochy rlats 

This surplus  sediment invcntory is believcd to be the result of soil eros icn  within the 
137 

watershea and stb3equcnt setl imei~t clepmiiion of 

radionuclitic,s u hic ti liar1 txcn  t n i t i n l l \  tltyv5iterl 3n sut  roundmg S o i l s  ( 'I)  

C s and dhet sedimcnt ass~ciatlng 

The t- tal  ac:i~it\: 

2 
plutonium i n  the  setliwc it t n r c - q h  l'?SfJ is d3cst 12 nCi per m , f r rm I iq i re  f) 

in reasonatily gcotl aqrcement with thc w i l  rlata, uhich tmplics that t e i  rcs t r in l  run-off 

contributcd a wlativcl\ s i n d l  fraction nf 'hc rml,i rl,rts debris in the scdtmcnt < L t  that  

This is 

2 137 of 3 n C i  pc-r in r ep r r scn t s  global rnllcl t r i C t ) r i b  is with  C s ,  t h i s  r a lw  is sdl- 
23'3,24u 2 stantially higher t h v l  f he 1 7 7 , C i  l'u per  m assigned to the area fr3m di rcc t  

( I  1,) 2 g!ohal fallout d c p m i t i s n  , suggesting tli Lt ahout 6 nC'i p e r  m of piutoiiiurn XIS de- 

l i r  ered to l rle serlimcnt 1 1 .  iun-off troin thc surrcuntling area. 

1 - 140 
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Depth 

Resolution of Pu Sources by Mass Spectrometry in Segments 
of Standley Lake Core 

PU per rr? 239,240 nCi 
inc I crncnt Global 

0 50 

0 74 

0 3‘3 

1 7 3  

3 20 

2 - 5 2  

‘!O - ?2  

3 1  - ?f,  

? J  - 4u 

12 - 44  

0 34 

0 O? 

0 01 

0.01 
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239- 240 
2 n C i  P U  por m 
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\ 

Figure 6 Depth distribution of Rocky Flats Plant plutonium 
in Stcandlcy I ake sediment 
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0 C o nc lu 5 1 on s , - ----- 
We havc shown that a 50 om Sedimcnt core taheri from htnntlle~ I ~ I C  in i\ub?.st 1370 

provides a reasonablc histort of ; : Idnl  fallout cestum-l37, plutonium ard lmericium 

deposition ab well as a trzn5u I ? n i t  ilcpositiorl pztteru reflecting off-site contamin i ' i n n  

from the Hochy Plats Plant Anal! scs of tno-centimctei scgmcnts of thL cor0 revealed 

nt*cl i l te  maxima at th? , I t  c p  end ~ I i i ,  I 1  ~c n t t r i l  utcd to thr kcccrrl in thc scdimc, - +  of the 

I 
fr2ction of tliis amount ,vas ~ I c l i ~ o i c c I  h v  erosion ot soil u i t h i n  the waiershcd as opposed 

to direct  deposition of initiallg. TI  11tor-n~ matcrial 

bv t h e  end of 1970, ne \e r tbc lcss ,  15 ,tithin the 1 sige prni tc tcd for Ytandleq I ake from the 

plutonium w nal deposition isoplctlis constructcrl fxom soil samples  taken in the Rochy 

1 lats arc3 in I u7u 

Thc arncunt de l i re red  to the sediment 

T - 1/17 
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GREAT \IESTERN RESEPVOI R 
SPILLHAY SEDIEEFIT SAMPLIPlG 

P POSRAV 
PHASE I REPORT 

J D Hurley 

[lay 2, 1979 

INTRODUCTIOY 

Plutonium concentrat ions i n  Great Nestern Reservo i r  surface water and 

subrreraed sediments have been studied by the Environmental Protect ion  

Agency l Y 2  However, no i n f omat i on  has been recorded on t ransuranic  

c oncen t r a t i k s  i n  sediment dhich has been deposited i n  the Great Uestern 
Peservo i r  Sp i l lway (G’IRS) 

maximum capac i ty,  the sediment i n  the sp i l lway  i s  not  submerged Over a 

per iod o f  approximately 14 year s ,  sediment has accumulated to  a depth o f  

n ine feet  near the stop l o g s  (F igures  1 and 2) and t o  l e s s  than three feet 
near the southeast  end of the sp i l lway  

During periods when the re se r vo i r  i s  not a t  

5AMP L I FIG PROGRAM 

I n  response to a request from the Rocky F l a t s  Area O f f i ce  (RFAO), a sediment 

sampling program, whose purpose i s  to determine t ransuranic  a c t i v i t y  concen- 

t r a t i on  i n  GWRS, i s  beina performed i n  two phases Phase I ,  acconplished 

on March 16, 1979, cons i s ted o f  tak ing  5-cm deep surface (general purpose) 

and app6Bximately 16-cm deep shal low core samples from 14 sampling s i t e s  

(F igure  2) The number o f  sampling s i t e s  was selected based on the a c t i v i t y  
v a r i a b i l i t y  observed in other  comparable sediment sampling programs 
The surveyed s i t e s ,  ind icated i n  F igure  2 ,  were located uniformly over %he 
sampl 1 ng- meb%%$!es co l lected from the Phase I sampling e f f o r t  have been 
ana M w L  g;op 239 + 240pu and 241A, 

a re  rep- herein, Phase I I  i s  to  be implemented dur ing  the removal of 

t he  sp~l’lway-scdmt, 
samples from the wall of  a trench dug i n  the nine foot end of the accumu- 

l a ted  sediment 

1 - 2  

The sampling procedures and r e s u l t s  

It  w i l l  consist of obta in ing  a series of core 
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3HASE I SAMPLING 

As mentioned, t + e  Phase I sampling was done on  Parch 1 6 ,  1979 ?he samples 
irere taken by Pealth and Environmental Laboratory personnel and supervised 
by J D Hurley, the project  leader A t  the time of sampling c o l l e c t i o n ,  
the weather condi t ions  were par t ly  cloudy and calm w i t q  w i n d  speeds r a n g i n g  
from zero t o  10 T i l e s  per hour 
of standing vegetation The sedinent samples ranged i n  moisture content from 
f ive  t o  10 percent on  the surface t o  approximately 25 percent a t  a depth o f  

approximately 21 cm 
procedures out1 i ned i n  Reference 3 described b r i e f l y  below 

The sampling area had previously been cleared 

B o t h  types of samples were taken according to  es tabl ished 

A General Purpose Saryl es 
General puroose sanples were taken w i t h  a 10 X 1D X 5 centimeter 
sampling template a t  the  14 locat ions shown i n  Figure 2 
point sarrpl i n g  method was employed ,ihich involves taking samples 
a t  the t i p s  and  in te rsec t ion  of a c ross ,  each o f  whose bars i s  one 
meter i n  7ength Tile so i l  fron each ;e t  of f i v e  samples i s  then 
composited t o  31ve a t o t - 1  savples volume of 2500 m3 Figure 3 

s h o ~  a sample being col lected 
Shal l c , ~  Core Sampl es 
Shallow core s m p i e s  vere taken with a standard Orchard Auger 
( w i t h  an 8 3-cm diameter, 15-cn long b a r r e l )  a t  the 14 locat ions 
o f  Figure 2 4 volume of about 750 cm of s o i l  was obtained a t  
each locat ion The sample co l lec t ion  procedure i s  i l l u s t r a t e d  
i n  Figure 4 

The f i v e  

e 

3 

SAMPLE PRETREATMENT AND ANALYSIS 

Samples a r e  handled and analyzed according t o  the referenced procedures 3 ,495  

These procedures include s ieving,  drying and ball  mil l ing o f  the col lected 
material and al iquot ing f o r  gamma and alpha analysis  Control samples a r e  
submitted w i t h  the  col lected sanples t o  determine the qua l i ty  of the 
r e s u l t s  

, 
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RESULTS 

Tables I ,  11, and I11 give the 239 ' 240Pu and 241Pm a c t i v i t y  leve ls  
determined for the general purnose and  shallow core samples 
-ation reported i n  t h i s  Phase I report  includes 241Am data from gamma 
zpectral  analysis  and 241An and  '" + 240Pu data from chemical separation 
f3llowed by alDha spectral  analysis  
resul ts associated \ / I  t h  t h i s  s e r i e s  of analys is  

The infor-  

Table I\/ shows the qua l i ty  control 

T h e  Tables ( I ,  I 1  and 111) give the mean and one standard deviation values 
f o r  both the general purpose and shallow core s e t s  of measurements 
the mean values f o r  b o t h  nuclides (241Am and  239 ' 240Pu)  f o r  both sample 
types a r e  w i t h i n  the  combined one-standard-deviation uncer ta in t ies  of each 
otber ,  both sample types can be considered s t a t i s t i c a l l y  the same 

As 

DISCUSSION 
Plutonium-239, 240 and americium-241 concentrations i n  general purpose and 
shallow core samples taken a t  GARS were near regional f a l l o u t  backqround - 
The mean (x) plutonium concentration value f o r  general purpose samples taken 
a t  GvlRS was - < 074 p C i / g ,  standard deviation ( S )  048, and  = 040 pCi/g, 
S = 027 f o r  shallow core samples The arnericiurr: coment ra t ion  value from 
alpha analysis  of general purpose samples was < - 051 p C i / g ,  S = 031, and  
Y = - < 030 oC i/g ,  S = 017 f o r  shallow core samples Gamma analysis  gave 
- < 036, standard deviation ( S )  = 008 and x - < 031, standard deviation ( S )=  30- 

f o r  the general purpose and shallow core samples respect ively These a r e  1ovrer 
than the  alpha analysis  r e s u l t s  b u t  not s t a t i s t i c a l l y  d i f f e r e n t  from them 

- 

11pha analysis  of a l l  samples were performed i n  dupl icate  
i n  Tablet I and I 1  a r e  average values of the dupl icate  analysis  
noted t h a t  the values reported i n  Tales I and I 1  a r e  not blank corrected 
Hence, these values a r e  ant ic ipated t o  be conservative ( i  e , over-estimate 
the actual a c t i v i t y  present) Where - < values a r e  reported,  the number used 
i n  determining 

The values reported 
I t  should be 

and S is  taken as  the upper l i m i t  value 
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Table IV r e p o r t s  da t a  on the q u a l i t y  con t ro l  r e s u l t s  
of the prepared s tandard  samples a n d  the s tandard  blank co r rec t ed  values  
i e a s u r e d  by t h e  a n a l y t i c a l  l a b o r a t o r y  T h e  reasured b iases  a r e  repre-  
s e n t a t i v e  of what i s  t y p i c a l l y  seen i n  neasurernent programs of t h i s  type 
d n d  i n d i c a t e  da t a  of an accep tab le  q u a l i t y  

I t  i s  a comparison 

7 
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Locat i o n  
A0 + 00 
BO + 00 

80 + 20 
80 + 40 
EO + 60 
BO + 80 
61 + 00 
co + 00 
co f 25 
CO + 50 
co + 75 
c1 f 00 
DO + 50 
DO + 75 

1 ** 
S 

-1 0-  

TABLE I 

GRFAT 'IESTERY PESEPVOIP SPILL ' IAY 

ALPHA A4ALvS IS 

General Puruose 
044 - + 079 
077 + 012 
076 + 016 
061 + OiO 
111 - + 016 
192 f 019 
124 2 019 
067 - + 011 
065 2 009 

- 
- 
- 

- 

125 - + 015 
026 + 007 

007 - + 006* 
039 - + 018 
024 2 015 

- 

- <o 074 
0 048 

S h a l l  ow Core 
064 5 024 
063 2 019 
027 - + 016 
015 2 011 
046 2 021 
051 2 022 
031 2 016 
053 - + 031 
020 + 013 
013 + 007 
015 012 

049 2 076* 
051 019 

- 
- 

029 017 

<O 040 
0 027 
- 

* 
Average of an MDC and a p o s i t i v e  resul t  
Average v a l u e s  a r e  o b t a i n e d  by assumlng l e s s  than  numbers a r e  Set 
equal t o  tt-etr u;per limit 

** 
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iccat1on 
A0 f 00 
so + 30 

BO + 29 
BO f 40 
60 f 60 
BO f 80 
81 + 00 
co f 00 
c3 f 25 

co 4 50 

I co + 75 
c1 + 00 
EO f 50 
DO + 75 

Gpqeral P l i r~ i ) se  - 
127 - + 120 
062 - f 052 
062 + 054 - 
063 - f 066 
036 + 036 - 
063 2 050 

040 f 042 
052 + 055 

066 + 062 - 
- 
- 

081 + 075 - 
- 009 
- 008 

024 f 029 
024 f 024 - 

Shallow Core 
078 - + 050 

- < 044 - + 044* 
< 056 f 073* 

< 030 
039 

< 031 

- - 
041 f 045* - - 
- 
- 
- 

.< - 049 - f 049* 
- < 046 - + 0 5 f  

< 022 
< 060 + 061* 

- 024 
041 f 033 
077 - f 077 

- 
- - 

a 

- ** < 
S 

Io 051 
0 031 

- 4 046 
0 017 

* 
** Average o f  an MDC and a positlve r e s u l t  

Average values a re  obta lned  by assuning less than numbers are s e t  
equal t o  t he i r  upFer 1 i n i t  
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TFSLE ! ? I  

Locat ion 
A0 + 00 
EO + 00 
BO + 29 

30 + 40 
20 + 60 

EO f 80 
31 + 00 

co A 30 
CO + 25 

ca A 50 

:3 f 75 
c1 + 00 
00 + 50 

30 + 75 

I 

I 

a 

- *  x 
S 

GREAT Wg$ E W  RESFRVGI? SP ILLkAY 
LCI T Am I N  SET)IPEFIT 

GAMMA 4NALYSIS (pCi/g)  

Ceneral Purpose 
05 - + 04 

< 03 

< 03 
< 03 

- 
- 
- 

04 - + 03 

05 - + 04 

< 03 

< 03 

< 03 

< 03 

< 03 

- 
- 

- 
04 + 03 - 
- 
- 
04 - + 03 

04 t 03 - 

- <O 036 

o ooa 
10 - 031 

0 OC4 

Average values are obtalned by assumlng less  t h a n  numbers are s e t  equal 
t o  their uqper l ir i t  
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TABLE I V  

QUALITY CONTROL RESULTS 
(PCl/d 

A n a l y s i s  Type Control Value Measured Value 

Alpha Ana l y s i s  25 147 5 019 
24 169 _+ 046 fo r  239, 24OFU 

5 92 3 241 - + 41 
5 83 5 141 - + 50 

A1 pha Ana l y s i s  149 147 - + 079 

f o r  241 Am 151 153 - + 079 
1 82 1 776 - + 71 
1 81 2 246 - + 80 

3 8 6  + 5 a  Gama Ana l y s l s  40 9 - 
f o r  2 4 1 ~  38.6 2 5.4 

Average 
B ias (%)  

-41 2 

-29 6 
-45 2 
-12 7 

- 1 3  
+ 1 3  
- 2 4  
+24 1 

- 5 6  
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GREAT WESTERN RESERVOIR 
SPILLWAY SEDIMENT SAMPLING PROGRAM 

PHASE I 1  REPORT 

J D Hurley 

INTRODUCTION 

Sampling of  the sediment accumulated i n  the Great Western Reservoir 
Spillway was a project divided into two phases. 
completed March 16, 1979, consisted o f  taking 14, 5 dm deep surface 
samples and 14, 23 cm deep shallow core samples 
f irst phase sampling effort  are reported i n  the Great Western Reservoir 
Spillway Sediment Sampling Phase I Report, May 2 ,  1979l 

Phase I sampling, 

The results  of  the 

This report sumnarires the materials, methods and analytical procedures 
used,as well as the data obtained,from the second and final phase sampling 
of  the Great Western Reservoir Spillway 

PHASE I1 SAMPLING PROGRAM 

I n  compliance with the Rocky Flats  Area Office (RFAO) request to sample 
sediment accumulated a t  Great Western Reservoir Spillway (GWRS), the second 
phase sampling effort  was completed March 11, 1980 
the program involved obtaining seven samples from the vertical surface o f  
a three meter high wall o f  sediment. The sampling s i te,  A0 + 00 C-9, was 
selected on the basis  o f  a survey by the Broomfield City Engineer estimatino 
the greatest accumulation o f  sedfment within the spillway (Figure 1). One 
sample was taken per 30 cm depth o f  accumulated sediment Each o f  the seven 
samples extended approximately 16 cm into the wall o f  sediment 
collected during the Phase I1  sampling were analyzed for plutonium-239 + 240 

and amr i c i  un-241. 

The second phase o f  

Samples 

PHASE 11 SAMPLING 

The seven samples obtained March 11, 1980 were collected by Health and 
Environmental Laboratory personnel under the supervision o f  J. D. Hurley, 
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the project leader 
were overcast and calm with wind speeds ranging from 0-10 mph. The 
temperature ranged from 45OF a t  9 00 a m. to  55OF by late afternoon A l l  
samples were taken from a sediment wall located a t  the eastern end o f  the 
GWR spillway supported by nine 15 cm X 30 cm X 3 5 m wooden stoplogs A 

30 cm section was cut from each log, providing easy access to the desired 
sampling area and continued support fo r  the 3M sediment wall (Figure 2) 

A t  the time of sample col lect ion the weather conditions 

2 

A standard Orchard Auger* (with an 8 3 cm diameter, 16 cm long barrel) was 
used to obtain the seven samples. A volume o f  about 750 cm o f  so i l  was 
obtained for  each sample 
i n  Figure 3 

sampl i ng procedures 

3 

The sample collection procedure i s  i l lust rated 
A l l  samples were taken according to established Rocky Flats  

SAMPLE PRETREATMENT AND ANALYSIS 

Samples were handled and analyzed according to Rocky F lats  laboratory pro- 
cedures 
o f  the collected material p r io r  to alpha and gamma analys is  

prepared a t  the two sigma level were a l so  siibmltted for  alpha analysis to 
determi ne the qual i ty o f  the resu l t s  

The procedures include drying, bal lmi l l ing,  sieving and aliquoting 
Control samples 

RESULTS 

Tables I ,  I1 and I11 give the plutonium-239 + 240 and americium-241 act iv i ty  

levels  determined f o r  the samples obtained during the second phase sampling 
ef fort  
plutonium-239 + 240 and americium-241 data f r o m  chemical separation followed 
by alpha spectral analysis. Table I11 shows americium-241 act iv i ty  levels  
obtained by g a m  spectral analys is  

Tha information reported i n  Tables I and I1 respectively include 

Alpha analys is  o f  a l l  samples were performed i n  duplicate and were blank 
corrected The values reported i n  Tables I and I1 are average values of 
the duplicate analyses. 

* Standard Type #R-HEO, ARTS Machine Shop, American Fa l l s ,  Idaho 
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0 I SCUSSI ON 

Concentrations o f  plutonium-239 + 240 i n  sediment samples taken a t  GWRS 

during the second phase sampling effort  were well below the 2 d/m/g (approx- 
mately 0 9 pCi/g) act iv i ty  screening level adopted by the Colorado State 
Board of Health . 
t 240 was 040 pCi/g, with a standard deviation (s) o f  026 

2 The mean plutonium concentration value (3 for  plutonium-239 

Analysis o f  americium-241 act i v i ty  i n  sediment was performed by alpha and 
gamma spectral analysi s. When comparing the a1 pha and gamma ameri c i  urn-241 
act iv i ty  a l l  l e s s  than values were taken as their  upper l i m i t  
applied to these values showed no difference i n  the two data sets 

A s ign test 

Even though the expected plutonium-239 + 240 to americium-241 rat io  i s  o f  the 
order of ten3, the observed average rat io  (by alpha analysis) was calculated 

as being l e s s  than 1 
detection limits o f  the americium values obtained by alpha sPectroscoPy 

This i s  probably a reflection o f  the nearness to the 

Inspection o f  the plutonium and americium results  associated with sediment 
depth indicates sediment act iv i ty  in  GWRS essential ly  showed l i t t l e  variation 
with depth This finding was not surprising since it  was thought that the 
sediment sampled i n  the spillway was deposited as a result  o f  h i l l s ide  erosion, 
deposition by wave action and mixing 

REFERENCES 

1 Hurl@#* J. D., Great Western Reservoir Spillway Sediment Sampling 
P r o m  Phase I Report, May 2 ,  1979. 

2 S t a U  rl' Colorado Rules and Regulations Pertaining to Radiation Control, 
RH 4.21 Pennissible Levels o f  Radioactive Material i n  Uncontrolled Areas 
Adopted by Colorado State Board o f  Health, March 21, 1973 

3 Final Environmental Impact Statement (Final Statement to ERDA 1545-0) 
Rocky Flats  Plant Site. Golden, Jefferson County, Colorado. U S 
Departmnt of Energy, Apri l  1980. Volume 1 of 3, pp 2-92, 2-170 and 
3- 30 



TAB E 1  Great Western Reservoi r Spi 1 1 way 
Phase 11 Samplinq Plutonium-239 t 240 i n  Sediment 

A1 pha Analysi  s 

Location* 
A0 + 00 C9-1 
A0 + 00 C9-2 
A0 + 00 C9-3 
A0 + 00 C9-4 
A0 + 00 C9-5 
A0 + 00 C9-6 
A0 + 00 C9-7 

- 
X 

5 

239 + 240 Pu I 
(PC1 /d 

055 - + 011 
070 t 017 
068 + 013 
048 - + 011 
018 - + 006 
016 + 007 
006 - + 005 

- 
- 

- 

040 
026 

*See text, page 1, for sample locat ion exolanation 



TABLE I I Great Western Reservoir Spi 11 way 
Phase I 1  Sampling Americium-241 i n  Sediment 

Alpha Analys is  

Loca t i on 
A0 + 00 C9-1 
A0 + 00 C9-2 
A0 + 00 C9-3 
A0 - + 00 C9-4 
A0 - + 00 C9-5 
A0 - + 00 C9-6 
A0 - + 00 C9-7 

- 
X 

S 

241 -Am 

055 - + 040 
(PC1 /q) 

063 - + 043 
055 - + 041 
038 - + 038 
058 - + 041 
117 - + 048 
063 - + 035 

064 
025 

*See tex t ,  page 1,  f o r  sample locat ion explanation 



TABLE I11 Great Western Reservoir Spillway 
Phase I1 Sampling Americium-241 i n  Sediment 

G a m  Analysis 

Loca ti on* 
A0 + 00 C9-1 
A0 + 00 C9-2 
A0 + 00 C9-3 
A0 + 00 C9-4 
A0 + 00 C9-5 
A0 + 00 C9-6 
A0 + 00 C9-7 

241 -Am 
(PC1 /g)** 

< 067 
e 092 
< 069 

098 
< 087 

077 
e 015 

* 
See text, paqe 1, for sample location exQlanation 

o f  each sample was set equal to MDA thus 
account1 ng for the absence o f  uncertainty values 

** 241-Am results  were a l l  below MDA The results  
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GREAT WESTERN RESERVOIR SEDIMENT CORES 

I n  the summer of 1983 Rockwell conducted a geochemical sampling 

of sur f ic ia l  grab and sediment core samples As part& collected and either 
proJect on Great Western Reservoir. 

shared o r  s p l i t  with the City of  Broomfield and the Colorado 
Department of  Health. Results o f  plutonium in forty-eight surf ic ial  
sediment samples were made public i n  a joint  presentation with the 
C i t y  of Broomfield l a s t  May. The informal agreement made wlth 
Broomfield called for  reporting of plutonium i n  the core samples 9 - 
12 months after that presentation. 
tentatively been set for another joint Rockwel I/Broomfield 
presentation t o  be made at the March 26, 1985, State Exchange Meeting 
in Broomfield. 
copies of  both the Rockwell and City o f  Broomfield* datasets for you 
and your s ta f f  to review. 

hat study- 

Release of  these data has 

In preparation for  t h i s  disclosure, I am providlng 

Attached you w i l l  f ind  the following: - Sample location map fo r  Great Western Reservoir. (Rockwell) - Tabulated Pu-239,210 data for four sediment cores spread 
geometrically across the reservoir. (Rockwell) - Graphs (Pu-239,240 concentration versus depth i n  the 
sedimentary column fo r  these same four sediment cores. 

- Plot of experimental values versus +/- sigma core KB4 (note 
a l l  graphs were plotted with the plutonium concentratron at 
the sediment interval midpoint; t h i s  plot i l lustrates that the 
uncertainty interval around the data values 1s small, to  allow 
point plotting without error terms). (Rockwell) 

(Rockwe 1 1 ) 

*Samples analyzed by Acculabs, Inc., data obtarned from K. Kochevar 
(City of Bromfleld) 
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- Plot of&esium-137 concentration versus depth i n  t 
sedimentary column (used to  age date core KB4 and & p a i n  
typical sedimentation rate for the deeper area o f  
reservoir (eastern area - 0.82 " per year)). (Rockwell) - Tabulated Pu-239,210 data for three sediment cores (duplicate 
core samples cal l  ected at same 1 ocat i ons) . (Broomf i el d) - Graphs (Pu-239,240 concentration versus depth '1 n the 
sedimentary column) for these same three sediment cores. 
( Broomf i e 1 d ) 

The plutonium data from both Rockwell and Broomfield is as expected 
with no anomalies. Geochemically, one would expect to see concentra- 
tions near previously reported maximums at depth and values 
approaching background i n  the surface intervals. Due to  relatively 
constant sedimentation rates (approximately 1 " per year) i n  Great 
Western and changes i n  routine operations at Rocky f l a t s  (1.e. zero 
discharge goals) over the past decade, this trend i n  the data was 
evident. M a x i m  vulues previously reported were 4.1 and 6.0 
pCi/gran (€PA and Battc l lc  1970'9, respectfvely). Maximum values 
from this study were 5.4 and 4.9 pCi/gram (core KB4; Rockwell and 
Broomfield data, respectively) for plutonium. Each o f  these maximum 
values occurred at depths of 17.0 and 7.5 inches, respectively. When 
evaluating these data please note that core KB4 I S  plotted on a 0-6.0 
pCi/gram scale while the remainder of the cores are plotted on a 
0-2.0 pCi/gram scale. Also, note that Broomfield's data represent 
one inch core sections while Rockwell's data represent two inch 
intervals. The cores selected by Broomfield were not quite as long 
as the Rockwell cores; two inch intervals were ut i l i zed  by Rockwell 
to  accommodate more radionuclide analyses by Rockwell . 
An interesting observation was made by G. H. Setlock (EAM.) as he 
compiled these sediment core data. The peak concentrations of both 

CCesi-and W~nium-239,240 coincide at depth in core K84. Peak 
GCesi &ntcakfon i s  used as a time horizon in sediment cores 

(1.u. -cesiwl37 level corresponds t o  1962 horizon) due t o  
the peah ei atmspheric fallout from weapons testing. This technique 
is a routine practice by geologists and I s  frequently employed since 
lake sediments represent the best natural record of the environmental 
history of  an area. The of both radionuclides's maxima 
and other information 
signif icant quantities 

data), strongly implies that 
in the deeper sediments of Great 
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Western Reservoir may have been deposited there as a result  o f  
atmospheric fa l lout  and do not entirely derive from Rocky Flats. 
This preliminary hypothesis w i  11 be independently pursued through 
additional&esium-137 analyses on other Great Western and Standley 
Lake cores as well a s  plutonium isotopic studies t o  "f ingerprint" the 
source o f  the plutonium. This idea along with other s t a t i s t i ca l  
studies o f  the Great Western Reservoir data (i .e. plutonium inventory 
in Great Western sediments) which were previously brought t o  your 
attention w i l l  be i n i t i a ted  i n  FY85. When these studies are 
completed, RFAO w i l l  receive a detailed briefing. 

Please review the attached Great Western Reservoir data. I f  &or 
your s t a f f  have any questions or problems with reporting these 
plutonium data a t  the March 26, 1985, State Exchange Meeting, please 
contact me. &" lg2%/&f 
eorge4.  Campbell , Acting 01 rector 

Health, Safety and-Environment 
Rocky F l a t s  Plant 
North American Space Operat 1 ons 

Orig. and 1 cc - J. R. Nicks 

Enc . 

I_- -- 
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GREAT WESTERN RESERVOIR 
SEDIMENT CORE DATA / GRAPHS 
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SAMPLE COLLECTION SUMMARY 
for the 

STANDLEY LAKE PROJECT 

On the dates between 7 / 3 1 / 8 4  and 8 / 9 / 8 4 ,  
members o f  the Environmental Analysis group under 
the direction of Dr. George Setlock, collected 
sediment grabs, water sampies, and cores from 
Standley Lake, located southeast of Rocky Flats 
Plant. The lake was divided into four quadrants, 
A ,  B, C, and D from which grids o f  samples were 
taken. The exact location o f  each sample was 
directed and determined by A. Quintana of the 
Civil Engineering group using surveying techniques. 
All samples were recorded in a log book along wlth 
their location, time and date, sample type, 
sampler, and any comments applicable to the 
particular sample. 

Sediment grabs were collected on all days of 
the sampling period. 51 grabs were taken at 

8 / 8 / 8 4 ,  five additional grabs were taken at 
areas which had been left unrepresented by the 
predetermined grab locations. On 8 / 9 / 8 4 ,  
representatives from the City of Westminster joined 
the Rockwell team and collected grabs at seven 
locations of  their determination using Rockwell 
equrptment. Overall, the deepest grab was taken at 
86' 5" (SL-10, 8 / 3 / 8 4 ) ,  the most shallow grab at 2' 
6" (SL-56, 8 / 8 / 8 4 ) .  Two quarts of wet sediment 
were taken at each location except the Westminster 
sites where one quart of wet sediment was taken. 

Three water samples were taken, all on 8 / 8 / 8 4 .  
A location in Quadrant A was sampled at three 
depths to compose the water samples. The total 
depth of the sample location was 73' 9". Water 
sampler were taken from depths o f  one foot (surface 
sample), 37 feet (mid sample), and 70 feet (bottom 
sample). Tvo gallons of water were taken at each 
location. 

Four core samples were collected. Two cores 
were taken on 8 / 8 / 8 4  by the Rockwell team. The two 
additional cores were taken in conjunction with the 
City  of Westminster on 8 / 9 / 8 4 .  The m a x i m u m  depth 
from which corer were d r a m  war 84' 5" (SUB-2,  
8 / 8 / 8 4 ) .  The minimum depth was 68' 0" (SLWn-60, 
8 / 9 / 8 4 ) .  The cores were of various lengths, 
reflecting each location's rusceptlbility to the 
core sampling technique. 

predetermined sites from 7 / 3 1  to 8 / 7 / 8 4 .  On 

1 
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Standley L8ke Grab Sampler 
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Standley Lake Water Sampler 
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Standley Lake Core Samples 

Denotes cores taken in conjunction 
with the City of Westmiaster. 
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C i t v  af \ ? e s t a i n s t e r  
c/o Kellv DiNatale 
3031 West 76th Avenue 
I k s t n i n s t e r ,  Calorado 8 0 9 3 0  

Deer N r .  PiHatale: 

sttscherf is a scdimnent aample l o ca t i on  map and short rerort 
daccribinq Rockwal l 's  samplinq a c t i v i t i e s  c o n d u c t e d  on Standlev 
LqCe i n  A u g u s t ,  1984 .  All of the sediment Ramples collected from 
Standley Lake a r c  hcinq processed far plutonium analyses by our 
VSb?  123 laboratory. These data w i l l  he shared w i t h  a n d  
r;lr~sontcC a t  a s t a t e  rxchango neetinq In  Spring, 1985. F u t u r e  
corresnondence will keep you aware of ~ r o q r e - ~ ~  on t h e  
rz-lrochemical data acauisition and reportinq n c h e i l u l e .  

Sincerely, 

P t tachmtNn t 

SLE BR 
C r z s t .  Id 
10/1/84 

S&E BR 
stearns 
10 /1 184 

DAM ARSA MGR 
Bellows Nicks 
1U/ /84 10/ 104 
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Crtv of T h o r n t o n  
c/o Mark Speed 
3500 C i v i c  Centre Drive 
T h o r n t o n ,  Colorado 00229 

Dear Y r .  Speed: 

A t t a c h e t i  is a sediment sarn~le location map and short report 
t q e s c r r b i n q  Fockwcll's sampling activities conducted on Standley 
L e k s  in August, 1 9 8 4 .  A l l  of  tho sediment samples collected from 
Standley Lake a re  beinq Frocessed for p l u t o n i u m  analynos by our 
WsF 123 laboratory.  T h e s e  data will be shared w i t h  and 
presented a t  a State Exchancle meetinq in Sprlng, 1985. Future 
correspondencs will keep you aware of groqress on the 
radiochemical data acquisition a n d  reporting schedule. 

Sincerely, 

Jaraea R. Nicks 
4rea Manager 

Pttzchnent 

S a  BR S&E BR 
Crist: Id Stearns 
10 /1/84 10/1/84 

DAM 
Bellow. 
10/ /a4 

AREA MGR 
Nick8 
10/ /84 
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SUMMARY 
The Colorado Department of Health analyzed fish collected from Standley 

Lake 
safe for human consumption The species analyzed included walleyes, channel 

in June, 1989 for a variety of pollutants t o  determine if these fish were 

catfish, 
fishing and gillnetting Composites of raw fillets for each species were 

smallmouth bass and rainbow trout, which were collected by electro- 

analyzed for selected metals, radioactive substances and priority organic 
pollutants Radioactive materials, including plutonium-239+240 and cesium-137, 
were subJected to exceptionally sensitive analysis and were not detected Low 

concentrations of cadmium, mercury, selenium, DDT, DDE, DDD and malathion were 
detected in some or all species Although the source of these contaminants 
was 
Nuclear Weapons Facility 
watershed, including water diverted from Clear Creek which contrlbutes 
ninety-six percent of the flow to the lake 

not determined in this study, none of them are unique to the Rocky Flats 
They may originate from a variety of sources in the 

The results of a health risk assessment indicate that consumption of a 

reasonable 
health risk to the public, from either a toxicity or cancer-causing standpoint 
This type of screening survey is generally not undertaken in unless 
there is evidence of a known contamination source Therefore, comparative 
information for other lakes and reservoirs 1s not available Additional 
in-depth monitoring 
fish from other Front Range lakes, should be undertaken to confirm these 
results and provide comparative information 

quantlty of fish from Standley Lake does not present an appreciable 

Colorado 

at Standley Lake, as w e l l  as monitoring of pollutants in 

-1 - 



INTRODUCTION 
The June, 1989 Agreement in Principle between the U S Department of 

Energy and the State of Colorado provides additional funding and resources to 

the Colorado Department of Health (CDH) to intensify environmental monitoring 

efforts around the Rocky Flats Nuclear Weapons Facility As  part of this 

increased 

from Rocky Flats, CDH conducted a study of fish samples taken from Standley 

Lake, 

primary objective was to determine whether the fish were contaminated by 

chemical or radioactive pollutants from the facility and, if so, whether they 

were unsafe for human consumption 

effort and to address public concern regarding the potential impact 

a water supply reservoir located 3 miles downstream from the plant The 

The screening level health risk assessment of fish considered three 

components 1) a hazard identification, 2) a dose-response assessment, and 

3) an exposure assessment In the first two components, various chemical, 

toxicological and radiological data bases were reviewed In the third, the 

concentration of pollutants in fish tissue and average fish ingestion rates 

were used to estimate levels of human exposure to contaminants and the 

corresponding health risks 

Although Great Western Reservoir also lies downstream of the Rocky Flats 

Plant, fish from this reservoir were not analyzed because fishing is not 

allowed in the reservoir and there is no public access to it 

is more cost-effective for screening when the tissue mass required for 

analysis is large Separate samples for organics and for inorganics (e g , 
metals and radionuclides) were selected for each species A combined total of 

STUDY DESIGN 
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TARGET SPECIES 
Target fish species were chosen to satisfy three criteria (1) that the 

fish are common and likely to be caught and eaten, (2)  that selected species 
include a bottom feeder and top predator in the aquatic food chain, and (3) 

that the number of species be limited to four In consultation with the 
Colorado Division of Wildlife's Central Region fisheries personnel, CDH Water 
Quality Control Division selected walleye (Stizostedion vitreum), smallmouth 
bass (MicroDterus dolomieui, rainbow trout (Oncorhvnchus rnvkrss) and the 
channel catfish (Ictalurus uunctatus) 

Other species in the reservoir include the bluegill, carp, green sunfish, 
largemouth bass, sucker and yellow perch 

S 

The list of potential contaminants (Appendix A) selected for analysis was 
compiled after consultation with CDH personnel from the Environmental 
Epidemiology, Hazardous Materials and Waste Management, Radiation Control, 
Laboratory and Water Quality Control Divisions 
pollutant scan for organics and metals along with radionuclides potentially 
released by the Rocky Flats Plant 
FISH COLLECTION 

The list includes a priority 

Biologists from the Colorado Division of Wildlife and the Colorado Water 
Quality Control Division collected fish by electrofishing along the dam 0 between approximately 7 pm and 9 30 pm on June 2 8 ,  1989 In addition, gill 
nets were set a t  three locations on the lake (Figure 1) The Colorado 
Division of Wildlife personnel selected the sampling sites based on their 
previous work on the lake The onset of dangerous wind conditions prevented 
the nets from being checked after 2 to 3 hours Therefore, they were left out 
overnight, and retrieved between 8 and 9 the following morning 

The species collected included walleye, smallmouth bass, rainbow trout, 

channel catfish, white suckers, carp and yellow perch The largest two 
walleyes, the carp and the smallmouth bass were captured along the darn by 
electrofishing The gillnet at site 1 captured trout, perch, carp and smaller 
walleyes The remaining two gillnets (site 2 and 3) captured trout, small 
walleyes, white suckers, carp and channel catfish 

Captured fish were held temporarily in a thoroughly rinsed metal tub which 
contained 10 gallons of lake water Live fish were removed from the tub and 
killed with a sharp blow t o  the head before processing 
species were randomly allocated within size groups into either organrcs or 
inorganics analysis Fish destined for organics analysis were wrapped in 
aluminum foil, those for the metals and radionuclide analysis were placed in 

Subsamples of each 
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INLET 

Figure 1 Fish c o l l e c t i o n  locat ions  a t  Standley Lake 
were g i l l n e t  s e t s  

S r t e s  1 ,  2 and 3 



plastic bags The fish were labeled and placed on ice, but not frozen, and 
transported back to the laboratory 

Environmental Protection Agency (EPA) guidance (U S EPA 1989) 

These procedures are consistent with U S 

The whole body weights and lengths and the fillet weights of the four 
target species are presented in Table 1 Fillets were collected from six 
walleyes, six channel catfish, six smallmouth bass and ten rainbow trout 

Moisture in the homogenized composites ranged from 73 to 81 percent 

At the laboratory, fish were unwrapped and weighed to the nearest ounce 

for large fish and to the nearest 10 g for small fish, and measured to the 

nearest 1/4 inch (reported in cm) 
with a paper towel, a skinless fillet from the left side was collected with 

stainless steel fillet knife 
composited by species for either organics or metals analysis 
tissue as possible is required for analysis, the entire fillet from each fish 
was composited Thus composites are weighted towards larger fish Fillets 

came in contact only with the filleter’s hands, the fillet knife and either 

fresh aluminum foil or fresh plastic depending on their analytical destination 

After wiping the slime coat from each fish 
a 

The fillets were individually weighed and then 
Because as much 

Composite samples were delivered to the chemical laboratory where the 
fillets were blended into homogeneous composites Those composites for 

inorganics testing were placed in plastic containers and frozen Those 

composites for organics analysis were analyzed fresh 
RADIOLOGICAL ANALYSIS a 

In addition to providing information on contaminants that could result 
from known historical emissions of radioactive materials from the Rocky 

Plant, these analyses also would provide evidence of either a criticality 

accident o r  an operating nuclear reactor Each sample was analyzed for a 

variety of mixed fission and activation products by direct gamma spectrometric 
analysis surveillance 

of commercial nuclear power reactors 

Flats 

This procedure is the same as that used in the routine 
(Colorado Department of Health 1989) 

A 10-g aliquot of each composite was analyzed separately for plutonium- 
239+240 by actinide separation and alpha spectrometry according to CDH 
that have been used since 1970 Tissues were digested in hydrofluoric acid 
together with a plutonium-236 tracer, and the plutonium was eluted by ion 

exchange chromatography The plutonium was then electroplated on a stainless 
steel planchet and the plutonium-239+240 was measured by alpha spectrometry 

Any sample 

methods 

losses were corrected by measuring the recovery of the plutonium- 

236 tracer A duplicate analysis was conducted on the channel catfish 
composite as a quality assurance measure a 
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For uranium analysis, 10-g of tissue was digested according to EPA method 
3050 and diluted to 50 ml This was then analyzed by the CDH fluorometric 

method 

9 -- 

Organochlorine and organophosphorus pesticide residues were extracted ' according to AOAC (AOAC 1984) Method 29 001 and, 29 012 - 29 015 Extracts 

were 
nitrogen-phosphorus detection Results were confirmed by gas chromatography/- 

mass spectrometry 

METALS ANALYSIS 

analyzed by gas chromatography using both electron capture detection and 

For chromium, beryllium, lead, cadmium and nickel, 5 0 grams o f  tissue was 
digested with nitric acid and hydrogen peroxide according to EPA 

(U S. EPA 1986) Digestions were diluted to 50 ml and analyzed by atomic 
absorption spectrophotometry ( U S )  by EPA methods 218 1, 210 1, 239 1, 213 1 
and 249 1 (U S EPA 1979) 

method 3050 

For mercury 0 5 g was analyzed by cold vapor AAS according to EPA method 

245 1 (U S EPA 1979) For selenium, 10 g of each sample was dried and ashed 

at 6OOCO then diluted to 50 ml with 0 15% nitric acid 
this solution was then analyzed fluorometrically according to the CDH method 

A 25- ml aliquot of 

A duplicate analysis for all these metals, mentioned above, was conducted 

on a separate aliquot of tissue from the channel catfish composite 
@ RISK ASSESSMENT 

In performing the risk assessment, the CDH evaluated the impacts of radio- 

nuclides and EPA Region VI11 evaluated organic chemicals and metals 

The dose response assessment for radiation was based on the U S Department 
of Energy's dose conversion factors (U S DOE 1988) For metals and organic 

chemicals, it was consistent with EPA guidelines (U S EPA 1989) 
Because there were no detectable quantities of radionuclides in the fish 

samples, the typical case was calculated at the lower limit of detection for 

each of 22 radionuclides for which analyses were performed, to provide a very 
conservative estimate of potential risk This effective whole body radiation 
dose (based on individual organ radiation sensitivities) assumes that four 

ounces of fish would be consumed per week for 70 years 
is more 

in establishing fish and water ingestion criteria (U.S EPA August, 1989) 

The human health risk for this typical case dose was determined by summation 

of the doses for all radionuclides analyzed The collective dose in millirems 

This consumption rate 

than twice as conservative as that assumed by the majority of states 

was equated to health r i s k  at a rate of 0 0002 cases (somatic and genetic) per 
, 0 rem (ICRP 1977) 
I 
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The computed dose and associated health risk were compared with the 

National Council on Radiation Protection's Negligible Individual Risk Level 

(NCRP 1987) of 0 001 rem per year (or 0 070 rem per 70 years) with an 

associated health risk (somatic only) of 1 in 10,000,000 per year (or 7 0 in a 

1,000,000 per 70 years) Details of these assessments are presented in 

@ Appendix B 
The risk assessment for metals and organic chemicals was conducted by EPA 

The assumptions used to calculate exposures listed in Appendix C are consistent 

with those used in the risk assessment for radionuclides For non-carcinogenic 

compounds, the exposures were compared with the reference doses, found in the 

EPA Integrated Risk Information System (IRIS), which are the amounts of a 

chemical which can be ingested without an appreclable risk of deleterious 

effects during a lifetime In the case of carcinogenic compounds, the 

exposure 

to estimate the upper limit of lifetime cancer risk 
was multiplied by the carcinogenic potency factor obtained from IRIS 

RESULTS AND DISCUSSION 
In the following sections, findings of chemical and radiological analysis 

of the fillet composites and the calculated risk assessment are presented A s  

described above, this initial screening project was restricted to composite 

sampling Because individual fillets were not analyzed, there are no 

estimates of the range or variance of the underlying population and no 

uncertainty analysis However, compositing unequal weights of fillets from 

individual fish provides an average weighted towards the larger This 

provides a worst-case analysis because the pollutants tend to accumulate in 

higher concentration in the larger fish 

thus 

fish 

In addition, because of available time and resources for this initial 

screening effort, the study did not include a comparison of rnetals/pesticide 

residues in fish from other lakes in the region Monitoring of fish for con- 

taminants is not routinely performed in Colorado Therefore, little compara- 

tive data were available Had such data been available, it would have been 

possible to determine whether the concentrations were normal or were atypical 

gADIONUCLIDES 

Concentrations o f  radionuclides, including uranium (all isotopes in natural 

abundance), plutonium-239+240, cesium-137 and 18 other gamma emitters (fission 

byproducts), were not present in detectable quantities in any of 

of As previously mentioned, 

although no radionuclides were detected, the lower limits of detection, rather 

than zeros, were used in the risk evaluation 

the species 

fish that were analyzed (Table 2 and Appendix B) 

The resulting estimate of risk 
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is probably higher than any actual risk that might result from Lake 

fish consumption This method of calculation also served to ensure that the 

detection levels were low enough to identify any health impact if it existed 

Standley 

Analysis for tritium and radiostrontium was not performed However, the 

failure of other radionuclides to appear in detectable quantities provides 

sufficient reason to conclude that they would not be present in detectable 

quantities 

The measurement sensitivity for gamma-emitting radionuclides in walleye, 

catfish and trout was superior to the surveillance requirements of the U S 
Nuclear Regulatory Commission for fish collected near commercial power 

reactors Because the amount of tissue in the smallmouth bass sample was 

small, the sensitivity of the measurements for that sample did not meet these 

same requirements Sensitivity for the plutonium analysis was considered to 

be very good for all species 

The maximum 70-year committed effective dose equivalent (CEDE) for all 
radionuclides combined was estimated to be much less than 0 004 rem (CEDE 
rem) This i s  much less than the Negligible Individual Risk Level (NIRL) 
equivalent dose of 0 070 CEDE rem established by the National Council for 

I Radiological Protection and Measurements The associated maximum 70-year 

(somatic and genetic) risk was estimated to be much less than 0 8 in 

1,000,000 This estimate was less than the somatic risk level of 7 0 in 
1,000,000 in 70 years calculated from the NIRL 
ORGANIC CHEMICALS 

Table 2 presents the results of only those organic chemicals found at 

detectable levels 

of DDT (Dichloro-diphenyl-trichloroethane) and its metabolites DDE and DDD and 

malathion Concentrations o f  DDT, 
DDE, and DDD in the trout, smallmouth bass and walleye ranged from 0 002 to 

0 006 ug/g (wet weight basis) and ranged from 0 02 ug/g to 0 03 ug/g in the 

channel catfish These concentrations are below the FDA allowable tolerance 

levels A trace of 
malathion was found only in the smallmouth bass composite, at a non-quanti- 

fiable below 0 1 ug/g, but above the minimum detectable level of 0 01 

A l l  of the priority pollutant organics with the exception 

were not present in any detectable quantity 

which existed at  the time that  DDT was registered for use 

level 

ug/g 
Because of its widespread historical use as a pesticide and its persistence 

in the environment, DDT and its metabolites DDE and DDD are ubiquitous and are 

detected in many foods in small amounts, includrng f i s h  Based on levels found 

in the channel catfish, average weekly consumption of four ounces of catfish 
would result in a dose of 0 017 ug/kg/day which is well under the non-cancer 
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reference dose of 0 5 ug/kg/day (Appendix C) DDT 1s also classified as a 
probable human carcinogen and the upper limit of the lifetime cancer risk, 

assuming a weekly meal of catfish, would be 6 in 1,000,000 (Appendix C) To 
put this in perspective, in a group of 1,000 people who ate a weekly of 

channel catfish over a lifetime, an additional 006 cases of cancer would 
meal ' occur in those 1,000 people over what would be expected 

The exposure to malathion, an organophosphate insecticide, from a weekly 

meal of four ounces of smallmouth bass would be 0 01 ug/kg/day, which is well 
below the acceptable reference dose of 20 ug/kg/day (Appendix C) 

YETALS 

Table 2 lists the concentrations of metals found in the fish fillets 

expressed on a wet weight basis Only cadmium, mercury and selenium were 

detected 

Cadmium concentrations were 0 48 ug/g in rainbow trout, 0 40 ug/g in the 

smallmouth bass, 0 26 ug/g in the walleye and less than 0 23 ug/g in the 
channel catfish The exposure to cadmium from an average weekly consumption 

of four ounces of rainbow trout would be 0 12 ug/kg/day, which is less than 
the reference dose of 1 ug/kg/day 

Mercury was detected in all species and concentrations ranged 

in the rainbow trout to 0 21 ug/g in the smallmouth bass 
from 0 06 

Assuming this ug/g 
mercury to be all methyl mercury, the specified routine consumption of 

smallmouth bass would result in an exposure of 0 05 ug/kg/day, which is below 
the reference dose of 0 3 ug/kg/day for methyl mercury 

Selenium was found only in the smallmouth bass, at a concentration of 0 02 

This would result in an exposure of 0 005 ug/kg/day, which is less than ug/g 
the reference dose of 3 ug/kg/day 

The duplicate analysis of the channel catfish revealed only a difference 

in the mercury concentrations which were 0 09 ug/g and 0 14 ug/g Other 

metals were below the detection limit in both samples 

J ! !  OF 
This study did not attempt to determine the source of the pollutants 

detected in the fish However, based on water quality monitoring in the 

basin, likely sources are the immediate lake environment, and the watershed 

In addition, the majority of the trout in the lake were stocked, and this 
study did not include any separate examination that distinguished between 

recently stocked fish and other fish in the reservoir In the lake, fish 
accumulate pollutants through a combination of chemical-specific contaminants I 

I in food, water and sediment 
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The primary source of  the pollutants is most likely the water inflow, most 
of which comes from other drainage basins Ninety-six percent of  the inflow 
is 
Croke Canal 
example, in the past five years, it has received pollutants from municipal 
dischargers, industrial dischargers, mining activities and non-point sources 
These sources may have contributed pollutants to the water and sediment 

water diverted from Clear Creek through the Farmers' Highline Canal and the 
Clear Creek contains pollutants from a variety of sources For 

To a lesser extent, the immediate watershed, including the Rocky Flats 
area, may be contributing pollutants However, of the contaminants found in 
the fish, none are unique to operations at the Rocky Flats Plant 

CONCLUSION 
Based on the results of the risk analysis of the fish fillets, using a 

conservative (i e , health protective) estimate of  lifetime weekly 
consumption, consumption of an average amount of fish from Standley Lake 
not present an appreciable health risk No non-cancer toxicological impacts 
were predicted With regard to DDT, DDE and DDD, there is an extremely small 
increased lifetime risk of cancer for people eatlng channel catfish from the 
lake However, because DDT and its metabolites are ubiquitous in the 
environment, the increased risk is not unique to Standley Lake 

does 

This initial screening study did not include the collection and analysis 

0 of fish samples from other Colorado lakes and reservoirs Therefore, no 
comparisons could be made As part of follow-up monitoring, multiple 
composites or individual fish samples from a variety of lakes should be 
analyzed so that statistical comparisons can be made 

In addition, monitoring should be conducted at Standley Lake t o  verify the 
concentrations of mercury and cadmium in fish These two metals were at 
concentrations that, although not posing a significant risk, are near the 
reference doses and therefore warrant further assessment With this 
additional monitoring, the data and conclusions in this report could be 
confirmed 
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Table 1 Whole f i s h  lengths and weights and f i l l e t  weights for fish 
captured a t  Standley Lake June 28 and 29, 1989 

Whole fish F i l l e t  Type of 
Species Anal y s i s Length (cm) Weight weight (g>  

Walleye I 
I 
I 
0 
0 
0 

Channe 1 I 
c a t f i s h  I 

I 
0 
0 
0 

Smallmouth I 
bass  I 

I 
0 
0 
0 

Rainbow I 
t r o u t  I 

I 
I 
I 
I 

0 
0 
0 
0 

59 102 02 450 
40 19 02 66 

6 1  94 02 390 
48 36 oz 180 
37 1 6  oz 73 

37 16 oz a2 

4 1  20 02 70 
48 41 oz 145 
53 66 oz 290 
48 39 02 79 
43 24 oz 4 1  
33 12 02 22 

29 10 oz 44 
25 5 02 24 
22 102 g 19 
29 350 g 49 

21 135 g 22 
22 165 g 23 

31 8 02 35 
27 6 oz 35 
27 185 g 36 
34 250 g 40 
30 230 g 4s 
30 310 g 82 

31 220 g 35 
30 190 g 30 
28 230 g 39 
26 190 g 35 

Type o f  a n a l y s i s  I = inorganic (wrapped i n  p l a s t i c )  
0 = organic (wrapped i n  aluminum f o i l )  



fable  2 
on June 18 and 2 9 ,  2989 

Concentration Of pollutants in fish fillet (left side without skin) composites collected from Standley Lake 
Concentrations are on a wet weight basis 

Rainbow Trout Channel Catfish Channel Catfish Smallmouth Bass Walleye 
Qhmuositel j-1 1 Duuli c a t a Ana lyr f s 1 /Comwt it e 1 ~ C o m w a  1 t e 1 

WIONUCLIDES pCi/g  

plutonium 239+240 < 0 0002 
cesium 137A < 0 02 
uranium (a11 e 0 0 1  

isotopes) 

ORGANIC cnmxcALsB - ug/g 

DDT 0 006 
DDE 0 003 
DDD 0 004 

malathion 0 01 
fat extract (8) 0 12 

METALS - ug/g 
beryllrum < 0 50 
cadmium 0 48 

chromium < 0 99 

lead < 2 s  
mercury 0 06 

nickel < 0 99 

selenium 0 01 

NO FISH PER COMWSITE 
organics 4 

matals h radionuclides 6 

< 0 0001 
< 0 010 
< 0 01 

0 030 

0 020 
0 020 

< 0 01 
0 24 

< 0 50 
< 0 23 
< 0 99 

< 2 5  

0 09 
< 0 99 
< 0 01 

3 
3 

0 0003 
--- 

< 0 01 

e 0 50 
< 0 23 

< 0 99 

< 2 5  

0 1 4  
< 0 99 

0 01 

< 0 0003 

< 0 282 

< 0 01 

0 005 
0 002 

0 003 
0 040 

0 09 

< 0 50 
0 4 0  

< 0 99 

< 2 5  
0 21 

< 0 99 

0 02 

3 

3 

< 0 0002 

< 0 009 

< 0 0 1  

0 0 0 4  
0 002 

0 0 0 4  

0 01  
0 26 

< 0 5 0  

0 26 
e 0 99 
( 2 5  

0 18 
< 0 99 

< 0 01 

3 

3 

A All other fission byproducts aro  a lso  less then detectable, and are tabulated separately in Appendix B 
B Only those organics found at detrctablo levels are tabulated 
C The minimum drtrctable levml is 0 01 u&/g the practical quantitation limit i s  0 1 ug/g 



Appendix A 

Suspected Contaminants for Analysis 

a Radionuclides 

Plutonium - 239 and 240 

Uranium 

Cesium 137 (and 20 other gamma-emitting fission products) 

Americium 
in Rocky Flats grade plutonium) 

(not analyzed - may be calculated on the basis of maximum ingrowth 

Metals 

Chromium a 
Selenium 

Beryl1 ium 

Le ad 

Mercury (total) 

Cadmium 

Nickel 



Orrranic Chemicals 

Priority pollutants analysis including 

I 

I 

V X  

Chlo r o f o m  

Acetone 

Methylene chloride 

I 

I Benzene 

Semi-volatile organic chemicals 

I 
I Phthalates 

Pes ticides 

PCB 



DOSE AND RISK FROH THE IffiESTION OF FISH 

WRCE = STANDLEY LAKE IM/29/89) 

Appendix B 

REWuCi YALLEYE 
CEDE * PIKE 

Pu-239+241 5.7 ( 2e-4 
URMIUH ,25 ( e 1 1  

61mllA WALYSIS 
CDUHT TI# IsecondsJ 75,118 
HASS COUNTED 1gtus) 536 

"-54 
CO-58 
FE-59 
CO-61 

21-93 
NE-95 
110-99 
RU-113 
RU-116 
SE-I25 

1-131 
TE-132 
CS-I 34 
CS-I 36 
CS-I 37 
M-141 
LA-140 
CE-144 

111-65 

,1127 
,1435 

,126 
.e14 

,8934 
, 1122 
,1914 
8827 
,121 
0126 
153 

,8174 
174 
,111 

e 1 5  
,0884 
,1077 

.12 

, 1ebb 

TROUT 

( 2e-4 
( .If 

75,111 
246, 

( .I21 
( ,121 
( ,151 
( ,119 
( ,049 
( 136 
( ,121 
( ,02 
( ,813 

,153 
( 13 
( ,114 
( ,855 
< ,813 
( ,133 
( .12 
( ,145 
( ,125 
( ,157 

BASS 

( 3e-4 
{ .!I 

175,111 
65.2 

( .29 
{ ,291 
( ,715 
( ,264 
( ,689 
( ,536 
( ,388 
( ,446 
( 266 
( 2 41 
( ,786 
( ,389 
( 1.12 
( ,332 
( ,491 
{ ,282 
( ,863 
{ .386 
( 2.33 

TYPICAL 
CASE 

( 2e-4 
( .91 

( .#9 
( ,899 
< ,124 
< ,899 
( ,022 
( ,117 
( ,186 
( ,007 
( 116 
< ,172 
( ,114 
( ,815 
( ,117 
( ,111 
( ,114 
( ,189 
< ,118 
( .a1 
( ,193 

11 HAXIHUH TOTAL = (( ,8140971 

71 YR RISK 

( ,1811111 
( .W10102 

2.106~-9 
( 2.610e-9 
( 1.308~-8 
( 1,932~-8 
( 2,543~-8 
( 1,965~-9 
( 1,191e-9 
( 2.513~-9 
( 1.337~-9 
( ,1880181 
( 3.015e-9 
( 2.188~8 
( 1.139e-8 

( 1.271~-8 
( 3.71%-8 
( 1,248~-8 
( 6 . 3 5 7 ~ 9  
( .8481102 

(( ,1880888 

( .eaeeeei 

CEDE t = Reference: Internal Dose Conversion Factors for Calculation of Oore t o  the Public 
U.S. Department of Energy, Yashington, DC, July 1908 INTIS) 

[CEDE = Cwritted Effective h e  Equivalent (all organs conrideredl1 

NOTE: For equal tissue masses @sJ and cwntinq tines, the lower h i t s  D f  detection rill be 
the saw, I , @ , ,  Iklleye Pike (the nost senritive analysis) used as the TYPICAL CASE 

71 YEAR WsEIRE10 * Qnc. X REWluCi X le-6 uCl/pCi X 114 Una1 X 1 wal/wnk X 52 weeks/year I 71 years 
f70 year consurption usin9 acute exposure inpestion equations and 51 year dose acquisition p a i o d l  

71 YEAR RISK = 171 YEAR DOSE ICED€ RfH)) X 18.1112 rist/CEDE REH) 

1.1882 risk/CEDE REW = Ref.: Intwnrtional Conmission on Radiolopica1 Protection 126, pl2, pur 161) 
[includes both s o d i c  H,0111 risk/RfH) and genetic risk I1.1U1 rirHREH)l 

Tbr Urg1igiblr fndividual Risk lrvcl of thr Wational Council on Radiation Protection and ffearutermts 
is equal to or less than, 1,171 CEDE RH i n  71 years and a somatic risk level of 1.111117 i n  71 years 

[NCRP Report No. 91, Section 21, pp 43-45, June 1, 19871 

NOTE: Nothing i n  this data indicates an impact from the Rocky Flats Plant 

09/11/89 AJH 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION VIJI 

999 18th STREET - SUITE 500 
DENVER, COLORADO 80202-2405 

Ref: 8WM-DW 

Date: November 29, 1989 

To: Bob McConnell, Water Quality Division 
Colorado Department of Health 

UL From: Bob Benson, Toxicologist 
Drinking Water Branch 

Subject: Contaminants in fish from Standley Lake 

I have reviewed the data on the fish collected from Standley 
Lake. O n l y  the concentrations of DDT, DDE, DDD, malathion, 
cadmium, mercury, and selenium exceed the minimum detection 
levels. Malathion and selenium were detected in only one f i s h  
sample. In all cases consumption of a reasonable quantity c f  
f i s h  from Standley Lake results in exposure t o  the chemical =. 2- 
EPA's reference dose (RfD) for non-cancer toxicoloqical etfecz 
for the chemical. Because EPA classifies DDT, DOE, and ODD as 
probable human carcinogens, consumers of fish from Standley Lake 
w a l l  have an increased lifetime risk of cancer. A quantitative 
risk assessment f o r  DDT, DDE, and DDD shows that the upper limit 
of the lifetime r i s k  o f  cancer rs 6 in 1,000,000. 

-My conclusion i s  that consumption of a reasonable quantity 
of fish from Standley Lake does not present a significant health 
risk to the public. Because cadmium and mercury bioaccumulate in 
fLsh tissue, and because the exposures to these chemicals are 
close t o  the  RfD's, additional monitoring of fish, water, and 
sedrment for these chemicals is prudent. Addrtional monitoring 
would be especially prudent ff contamination of the lake w%th 
cadmium and mercury AS likely to continue. 

I made the following assumptions: 

. 

1. a sportsfisherman and his family consume one meal o f  

2. the average serving size i s  120 grams (about four 

3. exposure continues for a lifetime, 
4. the most highly contaminated species AS consumed, and 
5 .  the average body weight is 70 kg. 

fish from Standley Lake per w e e k ,  

ounces I ,  
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DOT was previously one of the most bidely used pesticides. 
DOE and DDD are degradation products of DDT. EPA has cancelled 
the uses of DDT. However, because of persistence in the 
environment, DDT, DDE, and DDD are often detected in food 
samples. The averaqe concentration o f  these chemicals in meat, 
fish, and poultry in 1982 was 0.003 ug/gram. The Food and Drug 
Administration (FDA) has established an action level for fish in 
interstate commerce of 5 ug/grarn. FDA’s action level  is based on 
the concept of an unavoidable contamination, rather than a 
quantitative r isk assessment. 

The total concentration of D O T ,  DDE, and D D D  in catfish 
from Standley Lake i s  0.07 ug/gram. The RfD f o r  non-cancer 
effects  as 0.5 ug/kg/day. The exposure to DOT, DOE, and D D D  from 
a weekly meal of catfish is 0.017 ug/kg/day. 

(120 g fish/meal x 1 meal/week x 1 weekf7 days x l-!7fl kg x 
0 . 0 7  ug DDT, DDE, DDD/g fish) 

DDT 1s knbwn to cause laver tumors an experimental animals. 
On this basis EPA classifies DDT, DDE, and DDD as probable human 
carcinogens with a cancer slope factor o f  0.34 (mg/kg/aay I - ’ .  
The upper lunrt of the lrfetame cancer risk is 6 in 1,000,000. 

1 0 . 3 4  (mg/kg/daylo1 x 0 .017  x log3 mg/kg/day] 

Malathion i s  an organophosphate insecticide. The toxicity 
associated with the ingestion of  malathron is inhibition of 
acetylcholinesterase, an enzyme involved in the transmission of 
nerve impulses. The concentration of malathion in the smallmouth 

- b a s s  is 0.04 ug/gram. The R f D  for malathAon as 20 ug/kg/day. 
The exposure to malathion from a weekly meal of smallmouth bass 
AS 0.01 ug/kg/day. 

(120 g fish/meal x 1 meal/week x 1 veek/7 days x 1/70 kg x 
0.04ug nalathion/g f i s h )  

Cadmium 

. Cadmium as a naturally occurring heavy metal. The toxicaty 
associated with the ingestion of  cadmium i s  kidney damage. 
Cadmium accumulates in the kLdney and causes renal damage when 
the Concentration of cadmium an t h e  kidney exceeds 200 ug/g. 
Cadmium accumulates in aquatic And terrestrial organisms. 
Typical concentrataons o f  cadmium in fish from non-polluted areas e range from 0.001 t o  0.1 ug/gram. The concenttation of cadmium in 

2 



rainbow trout from Standley Lake is 0 . 4 8  ug/gram. The RfD for 
cadmium from food is 1 ug/kg/day. The exposure to cadmium fron a 
weekly meal of rainbow trout is 0 . 1 2  ug/kg/day. 

(120 g fish/meal x 1 meal/week x 1 week/7 days X 1/70 kg X 
0.48 ug cadmium/g fish) 

Mercury as a naturally occurring heavy metal which 
bioaccumulates in fish as methyl mercury. The major exposure of 
people to methyl mercury i s  from fish. The toxicity associated 
with the ingestion of methyl mercury i s  damage to the nervous 
system. The average concentration of methyl mercury in most f i s h  
i 5  l e s s  than 0.2 ug/gram. The concentration of mercury in 
smallmouth bass from Standley Lake is 0.21 ug/gram. The RfD for 
methyl mercury is 0.3 ug/kg/day. The exposure to mercury from a 
weekly meal o f  smallmouth bass i s  0.05 ug/kg/day. 

( 1 2 0  g fish/meal x 1 meal/week x 1 w e e k / 7  days x 1/70 kg x 
0.21 ug mercury/g fish) 

m e Selenlu 
Selenium 2s a naturally occurring heavy meta l  w h x h  i s  an 

essential nutrient, but which i s  also toxic when excessive 
quantities are consumed. The amount necessary to marntazn good 
nutritional status is 50-200 ug/day. The average d i e t  conta ins  
7S-150 ug/day. Selenosis 2s observed when ingestion exceeas 3200 
ug/day. The concentraticn of selenium in the smallmouth bass 
from Standley Lake is 0.02 ug/gran. The RfD f o r  selenium is 3 
ug/kg/day. 
smallmouth bass is 0.005 uglkglday. 

(120  g fishlmeal x 1 meal/week x 1 weekl’l days x 1/70 kg x 
0.02 ug selenium/g f i s h )  

The exposure to selenium from a weekly meal o f  
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